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(57) [Abstract] (Revisions included) 

[Purpose] To provide a semiconductor raw material ingot support jig and seed 
crystal, and a single crystal production method that uses them, that can 
completely melt the semiconductor raw material ingot without leaving any 
unmelted part, and further, which does not contamination of the inside of the 
semiconductor single crystal production apparatus when supplying the 
semiconductor raw material ingot, which provides for improved single crystal 
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growth yield, and which does not increase the cycle time required for each 
pulling operation. 

[Means of Solution] A semiconductor raw material ingot support jig that 

possesses a mounting member 11, in which a pulling wire 9 is mounted to its 
upper end 11a and a seed crystal S is mounted to its lower end, a support 
member 12, which is disposed on said mounting member 11 and supports a 
semiconductor raw material ingot M, and an operation control means 13 that is 
made from a semiconductor, and which releases the support state between the 
support means 12 and the semiconductor raw material ingot M, wherein, as the 
semiconductor raw material ingot M is melted, the aforementioned operation 
control means 13 is melted, whereby support of the semiconductor raw material 
ingot M by the support means 12 is released and the semiconductor raw material 
ingot M drops into the vessel 6 and is melted. 
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[Scope of the Patent Claim] 

[Claim 1] A semiconductor raw material ingot support jig that is 
characterized by possessing a mounting member, in which a pulling wire is 
mounted to its upper end and a seed crystal is mounted to its lower end, a 
support means, which is disposed on said mounting member and supports a 
semiconductor raw material ingot, and an operation control means that is made 
from a semiconductor, and which releases the support state between the support 
means and the semiconductor raw material ingot, wherein, as the semiconductor 
raw material ingot is melted, the aforementioned operation control means is 
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melted, whereby support of the semiconductor raw material ingot by the support 
means is released and the semiconductor raw material ingot drops into the 
vessel and is melted. 

(Claim 2] The semiconductor raw material ingot support jig described in 
Claim 1, which is characterized by the aforementioned support means being 
formed with multiple support bodies that are disposed on the mounting member 
so that they can open and close, and which support the semiconductor raw 
material ingot by pinching it by means of their opening or closing. 
[Claim 3] The semiconductor raw material ingot support jig described in 
Claim 1 or 2, which is characterized by the aforementioned support means being 
disposed on the mounting member so that it can open and close, by the seed 
crystal being enclosed by the support bodies while the semiconductor raw 
material ingot is being supported, and by the seed crystal being exposed with 
the semiconductor raw material ingot drops into the vessel and is melted. 
[Claim 4] The semiconductor raw material ingot support jig described in 
Claim 2 or 3, which is characterized by the aforementioned support bodies each 
being comprised with a pawl disposed at one end, and a weight mounted at the 
other end, of a support member, and with said support member mounted at its 
middle on a shaft disposed on the mounting member so that it can rotate 
freely. 

[Claim 5] The semiconductor raw material ingot support jig described in any 
of Claims 1 through 4, which is characterized by the aforementioned support 
bodies being mounted on said shafts at an eccentric midpoint so that the 
activated weights on the support members are stationary at a position above 
the seed crystal. 

[Claim 6] The semiconductor raw material ingot support jig described in any 
of Claims 1 through 5, which is characterized by the aforementioned pawls 
engaging into a support groove disposed on the side surface of the 
semiconductor raw material ingot . 

[Claim 7] The semiconductor raw material ingot support jig described in any 
of Claims 1 through 6, which is characterized by the aforementioned operation 
control means being formed of a drop notch that is cut into the top of the 
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semiconductor raw material ingot, cutting across its cross section, to a depth 
that is deeper than the position of the support groove. 

[Claim 8] The semiconductor raw material ingot support jig described in 
Claim 1, which is characterized by the aforementioned drop notch having a V- 
shaped or square sectional profile. 

[Claim 9] The semiconductor raw material ingot support jig described in any 
of Claims 2 through 8, which is characterized by the aforementioned operation 
control means being a solid semiconductor polycrystal or single crystal that 
is disposed extending between connectors that are disposed on the support 
members, and by being contained inside a notch that is cut across the cross 
section and to a depth that is deeper than the position of the support groove. 
[Claim 10] The semiconductor raw material ingot support jig described in 
Claim 1, which is characterized by the aforementioned support means being 
formed on the mounting member, being formed of support parts that link with 
connectors that are disposed in the semiconductor raw material ingot, which 
support parts are each formed in a fan-shape, with a gradually increasing 
sectional surface area, by the aforementioned operation control means being 
formed of a notch that is disposed cutting across the sectional surface at the 
top of the semiconductor raw material ingot, with the aforementioned seed 
crystal enclosed within the operation control means, wherein, as the 
semiconductor raw material ingot is melted, the semiconductor raw material 
ingot is split by the semiconductor raw material ingot melting, and the 
semiconductor raw material ingot drops into the vessel and melts. 
[Claim 11] The semiconductor raw material ingot support jig described in 
Claim 10, which is characterized by the aforementioned support part possessing 
a spherical part. 

[Claim 12] The semiconductor raw material ingot support jig described in 
Claim 11, which is characterized by the aforementioned support part comprising 
a conical part. 

[Claim 13] The semiconductor raw material ingot support jig described in 
Claim 11, which is characterized by the spherical part of the aforementioned 
support part splitting away from the mounting member. 
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[Claim 14] The semiconductor raw material ingot support jig described in 
Claim 11, which is characterized by the conical part of the aforementioned 

support part splitting away from the mounting member. 

[Claim 15] A seed crystal that is characterized by being enclosed inside an 
enclosure disposed in the semiconductor raw material ingot, by being equipped 
with a single crystal growth part that grows a single crystal when placed in 
contact with the semiconductor raw material melt and a fan-shaped support part 
with a gradually increasing sectional surface area that is disposed above said 
single crystal growth part, by said support part being fitted into the 
operation control means, which is disposed in the semiconductor raw material 
ingot and splits due to the semiconductor raw material ingot melting, so that, 
as the semiconductor raw material ingot is being melted, the semiconductor raw 
material ingot splits due to the semiconductor raw material ingot being 
melted, and the semiconductor raw material ingot drops into the vessel and 
melts, and also exposing the seed crystal growth part. 

[Claim 16] The seed crystal described in Claim 15, which is characterized by. 
the aforementioned support part possessing a spherical part. 

[Claim 17] The seed crystal described in Claim 15, which is characterized by 
the aforementioned support part possessing a conical part. 

[Claim 18] The seed crystal described in any of claims 15 through 17, which 
is characterized by the aforementioned support part being separated into 
multiple parts. 

[Claim 19] A semiconductor single crystal production method in which a seed 
crystal that is mounted on a pulling wire is brought into contact with a 
semiconductor raw material melt contained in a vessel, and a semiconductor 
single crystal is grown from the seed crystal, wherein which semiconductor 
single crystal production method is characterized by possessing a process in 
which a semiconductor raw material ingot is supported by a semiconductor raw 
material ingot support jig that possesses a mounting member, in which a 
pulling wire is mounted to its upper end and a seed crystal is mounted to its 
lower end, a support means, which is disposed on said mounting member and 
supports a semiconductor raw material ingot, and an operation control means 
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that is made from a semiconductor, and which releases the support state 
between the support means and the semiconductor raw material ingot, a process 
in which, as said semiconductor raw material ingot is being melted, its linked 
state with the support means is released by the melting of the operation 
control means, and it drops and is melted, and a process in which the 
aforementioned seed crystal is brought into contact with semiconductor raw 
material melt inside the aforementioned vessel and a single crystal is grown. 
[Claim 20] The semiconductor single crystal production method described in 
Claim 19, which is characterized by possessing a process in which a 
semiconductor melt is placed in advance inside the vessel as a pre-process 
preceding the process in which the semiconductor raw material ingot, supported 
by the aforementioned semiconductor raw material ingot support jig, is melted. 
[Claim 21] The semiconductor single crystal production method described in 
Claim 20, which is characterized by the aforementioned process in which a 
semiconductor melt is placed in advance inside the vessel is a process in 
which semiconductor raw material is melted inside the vessel the in initial 
stage of semiconductor single crystal production. 

[Claim 22] The semiconductor single crystal production method described in 
Claim 19, which is characterized by the aforementioned process in which a 
semiconductor melt is placed inside the vessel in advance is a process in 
which the semiconductor raw material melt from the previous performed 
semiconductor single crystal production is left in the vessel. 
[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention pertains to a semiconductor 
raw material ingot support jig and a seed crystal, and to a single crystal 
production method that uses them, and in particular pertains to a 
semiconductor raw material ingot support jig and a seed crystal, and single 
crystal production method that uses them, that improve the method of supplying 
semiconductor raw material and provides for improved single crystal growth 
yield. 
[0002] 
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[Prior Art] Semiconductor wafer production methods generally use a 

semiconductor single crystal production method in which a semiconductor single 
crystal is grown from a seed crystal by melting polycrystalline semiconductor 
raw material, and then bringing a seed crystal, which is made from a single 
crystal, into contact with said raw material melt. 

[0003] For example, a method for producing silicon single crystal ingots 

by Czochralski' s method (hereinafter, referred to as the CZ method) consists, 
as shown in Figure 24, of filling a quartz crucible 93, which is situated 
inside the oven component chamber 92 of a single crystal production apparatus 
91, with silicon polycrystal raw material mo in the form of irregularly shaped 
chunJcs, and after then heating and completely melting the silicon polycrystal 
mo with a heater 94 that is situated around the outside of the quartz crucible 
93, dipping a seed crystal Sq that is mounted on a seed chuck 95 into the 
silicon melt and pulling the seed crystal Sq, while rotating the seed crystal 
So and the quartz crucible 93 in opposite directions from each other, to grow 
a silicon single crystal Igo- 

[0004] Since the raw silicon polycrystal material commonly used is in the 

form of irregularly shaped chunks, the chunks of silicon polycrystal mo that 
fill the quartz crucible 93 are heaped up, as shown in Figure 24, making it 
difficult to fill the quartz crucible with a large quantity at one time. In 
addition, an expensive new quartz crucible 93 must be used each time a single 
crystal is pulled, increasing the pulling cost. 

[0005] Therefore, a so-called raw material replenishing system, like that 

shown in Figure 25, has been proposed as a measure to reduce costs. In this 
raw material replenishing system, a gate valve 102 can be used to separate the 
single crystal production apparatus 101 into the oven component chamber 103 
and the single crystal chamber 104 when necessary, so that, with the gate 
valve open 102, the quartz crucible 105 situated inside the oven component 
chamber 103 is filled at the beginning of the single crystal pulling operation 
with silicon polycrystal chunks mo. Separate from these silicon polycrystal 
chunks mo, a silicon ingot Mq is supported by wrapping a mounting wire 106 in 
a support groove 111 disposed in said silicon ingot Mq and tying said mounting 
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wire 106 to, and supporting it on, a pulling wire 107 (Figure 25(a)), and then 
the silicon polycrystal chunks lUo are melted to fill the quartz crucible 105 
approximately 80% with silicon melt Lq (Figure 25(b)), after which, pulling 
wire 107 is lowered separate from the silicon melt Lq, bringing the silicon 
ingot Mo into contact with the silicon melt Lq whereby it is melted and added 
to it (Figure 25(c)), causing the silicon melt Lq to nearly entirely fill the 
quartz crucible 105, 

[0006] Meanwhile, after the silicon polycrystal ingot Mq has been melted, 

leaving an unmelted portion supported by the mounting wire 106, the mounting 
wire 106 is raised, the gate valve 102 is completely closed, the mounting wire 
106, which is supporting the remainder of the silicon ingot, is replaced with 
a seed crystal support means 108 inside the single crystal chamber 104, which 
has now been isolated by the gate valve 102, and a seed crystal So is mounted 
in said seed crystal support means 108 (Figure 25(d)). 

[0007] After this, the gate valve 102 is opened and the seed crystal Sq 

is brought into contact with the molten silicon melt Lq in the quartz crucible 
105 and a single crystal Igo with the same crystal orientation as the seed 
crystal So is grown below the seed crystal So (Figure 25(e)), whereby the 
silicon melt Lq inside the quartz crucible 105 is nearly depleted (Figure 
25(f)) . 

[0008] With the semiconductor single crystal production method using the 

aforementioned single crystal production apparatus 101, the quantity of 
silicon single crystal produced per quartz crucible is increased over that of 
common CZ production methods, like that shown in Figure 24. 
[0009] However, in this production method, the gate valve 102 must be 

closed at least once while the heater 109, etc. is on during operation of the 
single crystal production apparatus 101 to separate the oven component chamber 
103 from the single crystal chamber 104. At this time the single crystal 
chamber 104 must be opened and the mounting wire 106, which is supporting the 
unmelted portion of the polysilicon ingot Mq, must be replaced with a seed 
crystal support means 108, the mounting wire 106, supporting the polysilicon 
ingot Mo, must be mounted on the pulling wire 107, and a seed crystal So must 
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be mounted on the seed crystal support means 108, exposing the single crystal 
chamber 104 to the atmosphere. When the single crystal chamber 104 is 
reconnected to the oven component chamber 103 after being exposed to the 
atmosphere, dust drops down from the single crystal chamber 104, which hinders 
growth of the single crystal Igo and is a major factor in decreased single 
crystal yields (the percentage of single crystal obtained without any crystal 
defects) . In addition, dust, etc. is also dropped from the gate valve 
chamber 110 due to opening and closing of the gate valve 102. Furthermore, 
leaving an unmelted portion of silicon ingot on the mounting wire is 
uneconomical . 

[0010] A raw material recharging system, as shown in Figure 26, has also 

been proposed as a cost reducing measure. 

[0011] In this recharging system, a gate valve 122 can be used to 

separate the single crystal production apparatus 121 into an oven component 
chamber 123 and a single crystal chamber 124, so that, with the gate valve 
open 122, a single crystal Igi is pulled up and removed, leaving molten 
silicon Li in the quartz crucible 125 situated in the oven component chamber 
123 (Figure 26(a)), after which, inside the single crystal chamber 124, now 
isolated by the gate valve 122, the seed crystal support means 12 6 is replaced 
with a mounting wire 128, which is wrapped into a support groove 127 disposed 
in a silicon ingot Mi, which is mounted on a pulling wire 129 (Figure 26(b)), 
the polycrystal silicon ingot Mi, mounted on this mounting wire 128, is 
lowered into the silicon melt Li, whereby it is melted into the silicon melt 
Li (Figure 26(c) ) . 

[0012] While the quartz crucible 125 is nearly entirely filled with the 

silicon melt Li by melting the polycrystal silicon ingot Mi, the mounting wire 
128, which is now supporting the remainder of the polycrystal silicon ingot 
Ml, is raised, the gate valve 122 is closed and, inside the single crystal 
chamber 124, now isolated by the gate valve 122, the mounting wire 128, 
supporting the remainder of the polycrystal silicon ingot Mi, is replaced with 
seed crystal support means 126 and a seed crystal Si is mounted on said seed 
crystal support means 126 (Figure 26(d)). 
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[0013] The gate valve 122 is then opened, the seed crystal Si is brought 

into contact with the molten polycrystal silicon Ml in the quartz crucible 
125, and a single crystal Igi is caused to grow on the seed crystal Si (Figure 
26(e) ) . 

[0014] However, in this production method, the gate valve 122 must be 

closed at least twice while the heater 130, etc. is on during operation of the 
single crystal production apparatus 121 to separate the oven component chamber 
123 from the single crystal chamber 124. At this time the single crystal 
chamber 124 must be opened and the mounting wire 128, now supporting the 
unmelted remainder of the polycrystal silicon ingot Mi, must be replaced with 
a seed crystal support means 126, or conversely the seed crystal support means 
126 must be replaced with a mounting wire 128 supporting a new silicon ingot 
Ml, twice exposing the single crystal chamber 124 to the atmosphere. 
[0015] Consequently, the oven component chamber 123 is even further 

contaminated by dust, etc. in this recharging system than the replenishing 
system, which hinders growth of the single crystal Igo and is a major factor 
in decreased single crystallization yields. 

[0016] Furthermore, since gas must be replaced inside the pulling 

apparatus in both the replenishing and recharging systems described above, 
these also have the problem of requiring longer cycle times for a single 
pulling operation than the normal CZ method. 
[0017] 

[Problems to be Solved by the Invention] Therefore, there is a demand for a 
polysilicon raw material support jig and seed crystal, and a single crystal 
production method that uses them, which can completely melt the semiconductor 
raw material ingot without leaving any unmelted part, and further, which does 
not contamination of the inside of the semiconductor single crystal production 
apparatus when supplying the semiconductor raw material ingot, which provides 
for improved single crystal growth yield, and which does not increase the 
cycle time required for each pulling operation. 

[0018] Taking the circumstances described above into consideration, the 

purpose of this invention is to provide a polysilicon raw material support jig 
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and seed crystal, and a single crystal production method that uses them, which 
can completely melt the semiconductor raw material ingot without leaving any 
unmelted part, and further, which does not contamination of the inside of the 
semiconductor single crystal production apparatus when supplying the 
semiconductor raw material ingot, which provides for improved single crystal 
growth yield, and which does not increase the cycle time required for each 
pulling operation. 
[0019] 

[Means of Solving the Problems] The gist of the invention of Claim 1 of 

this application, created to achieve the aforementioned purpose, is a 
semiconductor raw material ingot support jig that is characterized by 
possessing a mounting member, in which a pulling wire is mounted to its upper 
end and a seed crystal is mounted to its lower end, a support means, which is 
disposed on said mounting member and supports a semiconductor raw material 
ingot, and an operation control means that is made from a semiconductor, and 
which releases the support state between the support means and the 
semiconductor raw material ingot, wherein, as the semiconductor raw material 
ingot is melted, the aforementioned operation control means is melted, whereby 
support of the semiconductor raw material ingot by the support means is 
released and the semiconductor raw material ingot drops into the vessel and is 
melted. 

[0020] The gist of the invention of Claim 2 of this application is the 

semiconductor raw material ingot support jig described in Claim 1, which is 
characterized by the aforementioned support means being formed with multiple 
support bodies that are disposed on the mounting member so that they can open 
and close, and which support the semiconductor raw material ingot by pinching 
it by means of their opening or closing. 

[0021] The gist of the invention of Claim 3 of this application is the 

semiconductor raw material ingot support jig described in Claim 1 or 2, which 

is characterized by the aforementioned support means being disposed on the 
mounting member so that it can open and close, by the seed crystal being 
enclosed by the support bodies while the semiconductor raw material ingot is 
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being supported, and by the seed crystal being exposed with the semiconductor 
raw material ingot drops into the vessel and is melted. 

[0022] The gist of the invention of Claim 4 of this application is the 

semiconductor raw material ingot support jig described in Claim 2 or 3, which 
is characterized by the aforementioned support bodies each being comprised 
with a pawl disposed at one end, and a weight mounted at the other end, of a 
support member, and with said support member mounted at its middle on a shaft 
disposed on the mounting member so that it can rotate freely. 
[0023] The gist of the invention of Claim 5 of this application is the 

semiconductor raw material ingot support jig described in any of Claims 1 
through 4, which is characterized by the aforementioned support bodies being 
mounted on said shafts at an eccentric midpoint so that activated weights of 
the support members are stationary at a position above the seed crystal. 
[0024] The gist of the invention of Claim 6 of this application is the 

semiconductor raw material ingot support jig described in any of Claims 1 
through 5, which is characterized by the aforementioned pawls engaging into a 
support groove disposed on the side surface of the semiconductor raw material 
ingot . 

[0025] The gist of the invention of Claim 7 of this application is the 

semiconductor raw material ingot support jig described in any of Claims 1 
through 6, which is characterized by the aforementioned operation control 
means being formed of a drop notch that is cut into the top of the 
semiconductor raw material ingot, cutting across its cross section, to a depth 
that is deeper than the position of the support groove. 

[0026] The gist of the invention of Claim 8 of this application is the 

semiconductor raw material ingot support jig described in Claim 7, which is 
characterized by the aforementioned drop notch having a V-shaped or square 
sectional profile. 

[0027] The gist of the invention of Claim 9 of this application is the 

semiconductor raw material ingot support jig described in any of Claims 2 
through 8, which is characterized by the aforementioned operation control 
means being a solid semiconductor polycrystal or single crystal that is 
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disposed extending between connectors that are disposed on the support 
members, and by being contained inside a notch that is cut across the cross 
section and to a depth that is deeper than the position of the support groove. 
[0028] The gist of the invention of Claim 10 of this application is the 

semiconductor raw material ingot support jig described in Claim 1, which is 
characterized by the aforementioned support means being formed on the mounting 
member, being formed of support parts that link with connectors that are 
disposed in the semiconductor raw material ingot, which support parts are each 
formed in a fan-shape, with a gradually increasing sectional surface area, by 
the aforementioned operation control means being formed of a notch that is 
disposed cutting across the sectional surface at the top of the semiconductor 
raw material ingot, with the aforementioned seed crystal enclosed within the 
operation control means, wherein, as the semiconductor raw material ingot is 
melted, the semiconductor raw material ingot is split by the semiconductor raw 
material ingot melting, and the semiconductor raw material ingot drops into 
the vessel and melts. 

[0029] The gist of the invention of Claim 11 of this application is the 

semiconductor raw material ingot support jig described in Claim 10, which is 
characterized by the aforementioned support part possessing a spherical part. 
[0030] The gist of the invention of Claim 12 of this application is the 

semiconductor raw material ingot support jig described in Claim 11, which is 
characterized by the aforementioned support part comprising a conical part. 
[0031] The gist of the invention of Claim 13 of this application is the 

semiconductor raw material ingot support jig described in Claim 11, which is 
characterized by the spherical part of the aforementioned support part 
splitting away from the mounting member. 

[0032] The gist of the invention of Claim 14 of this application is the 

semiconductor raw material ingot support jig described in Claim 11, which is 
characterized by the conical part of the aforementioned support part splitting 
away from the mounting member. 

[0033] The gist of the invention of Claim 15 of this application is a 

seed crystal that is characterized by being enclosed inside an enclosure 
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disposed in the semiconductor raw material ingot, by being equipped with a 
single crystal growth part that grows a single crystal when placed in contact 
with the semiconductor raw material melt and a fan-shaped support part with a 
gradually increasing sectional surface area that is disposed above said single 
crystal growth part, by said support part being fitted into the operation 
control means, which is disposed in the semiconductor raw material ingot and 
splits due to the semiconductor raw material ingot melting, so that, as the 
semiconductor raw material ingot is being melted, the semiconductor raw 
material ingot splits due to the semiconductor raw material ingot being 
melted, and the semiconductor raw material ingot drops into the vessel and 
melts, and also exposing the seed crystal growth part. 

[0034] The gist of the invention of Claim 16 of this application is the 

seed crystal described in Claim 15, which is characterized by the 
aforementioned support part possessing a spherical part. 

[0035] The gist of the invention of Claim 17 of this application is the 

seed crystal described in Claim 15, which is characterized by the 
aforementioned support part possessing a conical part. 

[0036] The gist of the invention of Claim 18 of this application is the 

seed crystal described in any of claims 15 through 17, which is characterized 
by the aforementioned support part being separated into multiple parts. 
[0037] The gist of the invention of Claim 19 of this application is a 

semiconductor single crystal production method in which a seed crystal that is 
mounted on a pulling wire is brought into contact with a semiconductor raw 
material melt contained in a vessel, and a semiconductor single crystal is 
grown from the seed crystal, wherein which semiconductor single crystal 
production method is characterized by possessing a process in which a 
semiconductor raw material ingot is supported by a semiconductor raw material 
ingot support jig that possesses a mounting member, in which a pulling wire is 
mounted to its upper end and a seed crystal is mounted to its lower end, a 
support means, which is disposed on said mounting member and supports a 
semiconductor raw material ingot, and an operation control means that is made 
from a semiconductor, and which releases the support state between the support 
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means and the semiconductor raw material ingot, a process in which, as said 
semiconductor raw material ingot is being melted, its linked state with the 
support means is released by the melting of the operation control means, and 
it drops and is melted, and a process in which the aforementioned seed crystal 
is brought into contact with semiconductor raw material melt inside the 
aforementioned vessel and a single crystal is grown. 

[0038] The gist of the invention of Claim 20 of this application is the 

semiconductor single crystal production method described in Claim 19, which is 
characterized by possessing a process in which a semiconductor melt is placed 
in advance inside the vessel as a pre-process preceding the process in which 
the semiconductor raw material ingot, supported by the aforementioned 
semiconductor raw material ingot support jig, is melted. 

[0039] The gist of the invention of Claim 21 of this application is the 

semiconductor single crystal production method described in Claim 20, which is 
characterized by the aforementioned process in which a semiconductor melt is 
placed in advance inside the vessel is a process in which semiconductor raw 
material is melted inside the vessel the in initial stage of semiconductor 
single crystal production. 

[0040] The gist of the invention of Claim 22 of this application is the 

semiconductor single crystal production method described in Claim 19, which is 

characterized by the aforementioned process in which a semiconductor melt is 
placed inside the vessel in advance is a process in which the semiconductor 
raw material melt from the previous performed semiconductor single crystal 
production is left in the vessel. 
[0041] 

[Condition of Embodiment of the Invention] The polycrystal raw material 

support jig and seed crystal, and the single crystal production method using 
them, of this invention will be explained below, referring to the attached 
drawings . 

[0042] As shown in Figure 1, a single crystal production apparatus that 

uses the semiconductor single crystal production method of this invention, 
e.g., a CZ method single crystal pulling apparatus 1, comprises an oven 
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component chamber 2 and a single crystal chamber 3, which is situated above 
and linked to said oven component chamber 2. A vessel, e.g., a quartz 
crucible 6, which is built into a graphite crucible 5 and heated by a heater 
4, is disposed inside the oven component chamber 2, and raw polycrystal is 
heated and melted inside this quartz crucible 6. The graphite crucible 5 is 
mounted on a crucible rotation shaft 8, which passes through the oven body 7 
and is linked to and driven by a motor (not shown) . 

[0043] In addition, the semiconductor raw material ingot support jig 10 

of this invention is disposed at the bottom end of a wire 9, which is disposed 
in the single crystal chamber 3 so that it can be freely raised and lowered. 
[004 4] As shown in Figures 2 through 4, the semiconductor raw material 

ingot support jig 10 possesses a mounting member 11, in which the pulling wire 
9 is mounted to its upper end 11a and the seed crystal S is mounted to its 
other end lib, a pair, for example, of support bodies 12, 12, which comprise 
the support means that is disposed on said mounting member 11 and supports the 
semiconductor raw material ingot M, and an operation control means 13 that, 
e.g., extends between the support bodies 12, 12 and releases the supported 
condition between said support bodies 12, 12 and the semiconductor raw 
material ingot M. 

[0045] The support bodies 12, 12 possess support members 15, 15, with 

pawls 14, 14 disposed at one end, weights 17, 17, which are disposed at the 
other ends of said support members 15, 15 at a position bent approximately 30*^ 
inward from the rotational shafts 16, 16 of the support members 15, 15, and 
additional support members 19, 19 that extend parallel with support members 
15, 15, and on which are disposed pawls 18, 18. 

[0046] The support members 15, 15, 19, 19 are mounted so that they can 

rotate freely by means of the rotational shafts 16, 16 to a bearing member 20, 
which is assembled in rectangular shape and is disposed on the mounting member 
11, while weights 17, 17 on the support members 15, 15 are mounted, as shown 

in Figures 5 and 6, at an eccentric midpoint so that they are stationary in a 
position above the seed crystal S when the operation control means 13 has 
melted and the support bodies 12 have operated [sic.]. The lengths of the 
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support members 15, 15, 19, 19 are determined taking into consideration the 
inside diameter of the single crystal chamber 3 so that the pawls 14, 14, 18, 

18 do not strike the walls of the single crystal chamber 3 when the single 
crystal is being pulled. . In addition, the weights 17, 17 that are disposed 
on the respective support members 15, 15 are situated diagonally on the 
bearing member, 20 so that the rotation of the respective weights do not- 
interfere with one another. 

[0047] The pawls 14, 14, 18, 18 are formed by making a 90'' bend from the 

support members 15, 15, 19, 19, and as shown in Figure 2, and support of the 
semiconductor raw material ingot M by the support bodies 12, 12 is 
accomplished by engaging the four pawls 14, 14, 18, 18 disposed on the support 
members 15, 15, 19, 19 with the support groove 21 that is disposed in the side 
surface of the semiconductor raw material ingot M. 

[0048] The operation control member 13 is an, e.g., U-shaped, solid 

semiconductor polycrystal that is provided with mounting holes (not shown) 
into which are inserted a pair of connectors 22, 22, which are disposed, 
hanging parallel with each other, on the support bodies 12, 12. The operation 
control member 13 extends between the pair of connectors, as described above, 
and is enclosed inside a rectangular notch 23 that is disposed in the top of 
the semiconductor raw material ingot M, cutting across its cross section, at a 
depth that is deeper than the position of the support groove 21. 
[004 9] Now, the seed crystal S is mounted on the mounting body 11 by 

inserting a link pin (not shown) into mounting holes (not shown) , which are 
disposed in both the mounting member 11 and the seed crystal S. 
[0050] Next, a so-called raw material replenishment system that uses the 

semiconductor raw material ingot support jig and semiconductor single crystal 
production method of this invention will be explained. 
[0051] Figure 7 is a process drawing of a replenisliment-type 

semiconductor single crystal production method, wherein the quartz crucible 6, 
which is situated inside the oven component chamber 2 of the single crystal 
pulling apparatus 1, is filled with chunks of raw silicon polycrystal m and a 
seed crystal S is mounted on the mounting member of the semiconductor raw 
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material ingot support jig 10, which is attached to the end of the wire 9 in 
the single crystal chamber 3. Then, as shown in Figures 2 through 4, the seed 
crystal is enclosed between the pair of support bodies 12, 12, the support 
members 15, 15, 19, 19, are hung straight down and parallel so that the pair 
of connectors 22, 22 are accommodated in the notch 23, and the pawls 14, 14, 
18, 18 are linked into the support groove 21, thereby supporting the 
semiconductor raw material ingot M with the pair of support bodies 12, 12, 
after which, the pair of connectors 22, 22 are inserted into the operation 
control means 13 inside the notch 23, restricting the opening operation of the 
support members 15, 15, 19, 19 and supporting the semiconductor raw material 
ingot M by means of the semiconductor raw material ingot support jig 10 
(Figure 7(a)). 

[0052] Next, the heater 4, which is disposed around the outside of the 

quartz crucible 6, is turned on to heat and completely melt the chunks of 
silicon polycrystal m, filling the quartz crucible 6 approximately 80% with 
the silicon melt L prior to melting the silicon polycrystal ingot M (Figure 
7(b)). Furthermore, the silicon polycrystal ingot M, which was prepared 
separately from the chunks of silicon polycrystal m and is supported by the 
semiconductor raw material ingot support jig 10 that was already placed inside 
the single crystal chamber 3, is lowered and brought into contact with the 
silicon melt L, melting into and supplementing it. In the process of melting 
this semiconductor raw material ingot M, the melting reaches the notch 23, as 
shown in Figures 3 and 4, and then the U-shaped polycrystal semiconductor 
operation control means 13 is melted, as shown in Figure 5, whereupon, the 
support bodies 12, 12 are opened by the force generated by the weights 17, 17, 
releasing the linked condition between the semiconductor raw material ingot 
support jig 10 and the semiconductor raw material ingot M (the remainder 
thereof) and dropping the semiconductor raw material ingot M into the quartz 
glass crucible 6, where it is melted. 

[0053] When melting of the semiconductor raw material ingot M is 

completed, the silicon melt L nearly completely fills the quartz crucible 6. 
Meanwhile, when the support bodies 12, 12 open, the pawls 14, 14, 18, 18 swing 
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upward and the weights 11, 17 swing downward. However, since the support 
members 15, 15 are mounted on the mounting member 11 at an eccentric position 

so that they can rotate freely, the seed crystal S is exposed at the lowest 
position in a state where it can fulfill its function as a seed crystal during 
pulling (Figure 7(d)). 

[0054] The interior of the single crystal pulling apparatus 1 is then 

brought to single crystal pulling conditions, the seed crystal S is brought 
into contact with the molten silicon melt L in the quartz crucible 6, and a 
single crystal Ig is grown on the seed crystal S (Figure 7(e)). 
[0055] Furthermore, when growing and pulling of the single crystal ingot 

Ig is completed, there will be no re-useable molten silicon L remaining in the 
quartz crucible 6 (Figure 7(e)). 

[0056] By using a semiconductor raw material ingot support jig 10 on 

which a seed crystal S is mounted to support the semiconductor raw material 
ingot M, according to the semiconductor single crystal production method of 
this invention described above, the silicon polycrystal ingot M can be melted 
as replenishment raw material without needing to open the oven 8 or the single 
crystal chamber 3 to replace the seed crystal support means with a 
semiconductor raw material ingot support jig. Consequently, it becomes 
possible to supply enough silicon melt L without contaminating the quartz 
crucible 6, whereby a large-volume silicon single crystal Ig can be pulled at 
one time with high single crystallization yield. 

[0057] A gate valve for selectively separating the single crystal pulling 

apparatus 1 into an oven component chamber 2 and a single crystal chamber 3 
also becomes unnecessary, so that the molten silicon melt L is not 
contaminated by dust, etc, dropping from the single crystal chamber 3 as the 
gate valve is opened and closed, which in turn allows the single 
crystallization yield to be increased since there is no hindrance to the 
growth of the single crystal Ig. 

[0058] Furthermore, since there is no need to open the oven 7 or the 

single crystal chamber 3 during the series of processes, except when 
simultaneously charging the chunks of silicon polycrystal m and installing the 
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silicon polycrystal ingot M at the beginning of the pulling process, and when 
removing the single crystal ingot Ig that has been pulled, gas replacement 
also becomes unnecessary, so that the cycle time required for a single pulling 
operation becomes no longer than with the normal CZ method. 

[0059] It is also economical since the semiconductor raw material ingot M 

is completely melted, without leaving any unmelted remnant on the 
semiconductor raw material ingot support jig. 

[0060] Next, the so-called raw material recharging system, which is 

another condition of embodiment of the semiconductor raw material ingot 
support jig and semiconductor single crystal production method of this 
invention, will be described. The same callout numbers will be used for the 
same components in this description as were used in the preceding condition of 
embodiment . 

[0061] Figure 8 is a process drawing of a recharging-type semiconductor 

single crystal production method, wherein a grown single crystal Ig has been 
pulled and there is molten silicon L remaining in the quartz crucible 6, and 
meanwhile, the heater is continuously operated to Iceep the molten silicon L in 
its molten state (Figure 8(a)). 

[0062] Next, the gate valve 31 disposed in the single crystal chamber 3 

is closed and the single crystal Ig is removed, while a seed crystal S is 
mounted on the mounting member 11 of a semiconductor raw material ingot 
support jig 10 of this invention, which is mounted on a wire 9, with the same 
structure as that shown in Figure 7 and used in the condition of embodiment 
described above. As shown in Figures 2 through 4, the semiconductor raw 
material ingot M is held hanging vertically while the support members 15, 15, 
19, 19, are hung straight down and parallel so that the pair of connectors 22, 
22 are accommodated in the notch 23, and the pawls 14, 14, 18, 18 are linlced 
into the support groove 21, thereby supporting the semiconductor raw material 
ingot M with the pair of support bodies 12, 12, after which, the pair of 
connectors 22, 22 are inserted into the operation control means 13 inside the 
notch 23, restricting the opening operation of the support members 15, 15, 19, 
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19 and supporting the semiconductor raw material ingot M by means of the 
semiconductor raw material ingot support jig 10 (Figure 8(b)). 
[0063] Next, the gate valve is opened and the semiconductor raw material 

ingot M is immersed into the silicon melt m and melted (Figure 8(c)). In the 
process of melting this semiconductor raw material ingot M, the melting 
reaches the notch 23, as shown in Figures 3 and 4, and then the U-shaped 
polycrystal semiconductor operation control means 13 is melted, as shown in 
Figure 5, whereupon, the support bodies 12, 12 are opened by the force 
generated by the weights 17, 17, releasing the linked condition between the 
semiconductor raw material ingot support jig 10 and the semiconductor raw 
material ingot M (the remainder thereof) and dropping the semiconductor raw 
material ingot M into the vessel, where it is melted. Consequently, all of 
the semiconductor raw material ingot M is dropped into the melt L and melted. 
[0064] When melting of the semiconductor raw material ingot M is 

completed, the silicon melt L nearly completely fills the quartz crucible 6. 
Meanwhile, when the support bodies 12, 12 open, as shown in Figure 6, the seed 
crystal S is exposed at the lowest position in a state where it can fulfill 
its function as a seed crystal during pulling (Figure 8(d)). 
[0065] The interior of the single crystal pulling apparatus 1 is then 

brought to single crystal pulling conditions, the seed crystal S is brought 
into contact with the molten silicon melt L in the quartz crucible 6, and a 
single crystal Ig is grown on the seed crystal S (Figure 8(e)). 
[0066] Furthermore, while growing and pulling of the single crystal ingot 

Ig is completed, the quartz crucible 6, etc. is durable and, when another new 
single crystal is to be pulled, reusable molten silicon L will remain (Figure 
B(a)) . 

[0067] By using a semiconductor raw material ingot support jig 10 on 

which a seed crystal S is mounted to support the semiconductor raw material 
ingot M, according to the semiconductor single crystal production method of 
this condition of embodiment, the single crystal chamber 3 need only be opened 
once to replace the seed crystal support means with a semiconductor raw 
material ingot support jig. Consequently, it becomes possible to pull silicon 
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single crystals Ig of high single crystallization yield, and to contribute to 
decreased semiconductor single crystal production costs. As a result, the 
number of times that the gate valve is opened and closed can be reduced, where 
in past recharging methods it had to be opened and closed at least twice, 
making it possible to supply enough silicon melt while reducing the danger of 
contamination to the oven interior by the opening and closing of the gate 
valve, whereby silicon single crystals can be pulled with high single 
crystallization yield. It is also economical since the semiconductor raw 
material ingot M is completely melted, without leaving any unmelted remnant on 
the semiconductor raw material ingot support jig. 

[0068] Next, another condition of embodiment of the semiconductor raw 

material ingot support jig of this invention will be described. The same 
callout numbers will be used for the same components in this description as 
were used in the preceding conditions of embodiment. 

[0069] As shown in Figures 9 through 12, the semiconductor raw material 

ingot support jig 41 possesses a mounting member 42, with a pulling wire 9 
mounted at one end 42a and a seed crystal S mounted at its other end 42b, a 
support means, e.g., a pair of support bodies 43, 43, that are disposed on 
said mounting member 42 and support the semiconductor raw material ingot M, 
and an operation control means 44, which is situated between said support 
bodies 4 3, 43 and is disposed in the semiconductor raw material ingot M. 
[0070] Each of the support bodies 43, 43 possesses support members 47, 

47, each with two pawls 45, 4 6 disposed at one end, and weights 49, 49, which 
are disposed at their other end at a position that is bent approximately 30° 
outward from the rotational shafts 48, 48 of each of said support members 47, 
47. 

[0071] The support members 47, 47 are mounted on a rectangular bearing 

member 50, which is disposed at the center of the mounting member 42, by means 
of rotational shafts 48, 48 so that they can rotate freely centered around 
said rotational shafts 48, 48. The support members 47, 47 are also mounted on 

the rotational shafts 48, 48 at an eccentric midway position so that the 
weights 4 9, 4 9 on the support members 47, 47 are stationary at a position 
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above the seed crystal when the operation control means 44 has been melted and 
the support bodies 43, 43 have been operated [sic], as shown in Figures 11 
and 12. 

[0072] The weights 49, 49 act to close the pawls 45, 45, 46, 46 on the 

support members 47, 47, which are situated diagonally from each other on the 
rectangular mounting member 42 so that the weights 49, 4 9 do not interfere 
with one another when they are operated. 

[0073] The pawls 45, 45, 46, 46 are formed by bending the support members 

47, 47 by 90*^, and support of the semiconductor raw material ingot M is 
accomplished by the four pawls 45, 45, 46, 46 being fitted into the support 
groove 51. 

[0074] The operation control means 44 is disposed in the top of the 

semiconductor raw material ingot M, and is formed by a V-shaped notch 52 that 
is cut across the cross section along center line c to a depth that is deeper 
than the position of the support groove 51. Consequently, as melting of the 
semiconductor raw material ingot M proceeds and the molten surface reaches the 
lower tip of the operation control means 44, as shown in Figures 13 and 14, 
the semiconductor raw material ingot M is pressed in the direction of 
contracting the notch 52 by the force in the closing direction exerted by the 
pawls 45, 45, 46, 46 of the support members 47, 47, releasing the linkage 
between the support groove 51 and the pawls 45, 45, 4 6, 4 6 and releasing the 
semiconductor raw material ingot M from the support of the support members 47, 
47, so that the semiconductor raw material ingot M (the remainder thereof) 
entirely drops. 

[0075] At this time, since the pawls 45, 45, 46, 46 are linked into the 

support groove 51 at positions that are off the center axis line c, or the 
line perpendicular to said center axis line d [sic], of the notch 52 that 
comprises the operation control means 44, it is easier for the linkage between 
the support groove 51 and the pawls 45, 45, 46, 46 to be reliably released. 
[0076] Now, the notch 52 that comprises the operation control means 44 is 

not limited to having a V-shaped cross section, and could as well have a 
square cross section. 
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[0077] If the semiconductor raw material ingot support jig 41 of this 

condition of embodiment is used in a raw material replenishing-type single 
crystal production method, the silicon polycrystal ingot M can be melted as 
replenishment raw material without needing to open the oven 8 or the single 
crystal chamber 3 to replace the seed crystal support means with a 
semiconductor raw material ingot support jig. Consequently, it becomes 
possible to supply enough silicon melt L without contaminating the quartz 
crucible 6, whereby a large-volume silicon single crystal Ig can be pulled at 
one time with high single crystallization yield. 

[0078] It also becomes unnecessary to selectively separate the single 

crystal pulling apparatus 1 into an oven component chamber 2 and a single 
crystal chamber 3 by means of a gate valve, so that the molten silicon melt L 
is not contaminated by dust, etc. dropping from the single crystal chamber 3 
as the gate valve is opened and closed, which in turn allows the single 
crystallization yield to be increased since there is no hindrance to the 
growth of the single crystal Ig. 

[0079] Furthermore, since there is no need to open the oven 7 or the 

single crystal chamber 3 during the series of processes, except when 
simultaneously charging the chunks of silicon polycrystal m and installing the 
silicon polycrystal ingot M at the beginning of the pulling process, and when 
removing the single crystal ingot Ig that has been pulled, gas replacement 
also becomes unnecessary, so that the cycle time required for a single pulling 
operation becomes no longer than with the normal CZ method. 

[0080] It is also economical since the semiconductor, raw material ingot M 

is completely melted, without leaving any on the semiconductor raw material 
ingot support jig. 

[0081] In addition, if a semiconductor raw material ingot support jig 41, 

on which a seed crystal S is mounted, is used to support the semiconductor raw 
material ingot M in a recharging system, the single crystal chamber 3 need 
only be opened once to replace the seed crystal support means with a 
semiconductor raw material ingot support jig. Consequently, it becomes 
possible to pull silicon single crystals Ig of high single crystallization 
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yield, and to contribute to decreased semiconductor single crystal production 
costs. As a result, the number of times that the gate valve is opened and 
closed can be reduced, where in past recharging methods it had to be opened 
and closed at least twice, making it possible to supply enough silicon melt 
while reducing the danger of contamination to the oven interior by the opening 
and closing of the gate valve, whereby silicon single crystals can be pulled 
with high single crystallization yield. 

[0082] Furthermore, another condition of embodiment of the semiconductor 

raw material ingot support jig of this invention will be described. The same 
callout numbers will be used for the same components in this description as 
were used in the preceding conditions of embodiment. 

[0083] As shown in Figures 15 and 16, the semiconductor raw material 

ingot support jig 61 possesses a mounting member 62, which is made from a 
metal, such as tungsten or molybdenum, etc., or a metallic compound or carbon 
or a carbon compound, with a pulling wire 9 mounted at one end 62a and a seed 
crystal S mounted at its other end 62b, a support means, e.g., a support part 
64, which is disposed on said mounting member 62 and linJcs into a catch 63 
disposed in the semiconductor raw material ingot M, and which supports the 
semiconductor raw material ingot M, and an operation control means 64 , which 
is disposed in the semiconductor raw material ingot M. 

[0084] Part of the support part 64 is formed into a fan shape with a 

gradually increasing sectional surface area, which expands from the mounting 
member 62, e.g., a cone. 

[0085] The operation control means 65 possesses a long, narrow, U-shaped 

notch 66, which is disposed in the top of the semiconductor raw material ingot 
M and is cut along the center line c, and a catch part 63, which is disposed 
at the top of said notch 66 and whose sectional profile has a fan-shape that 
matches the shape of the conical part of the mounting member 62. The U-shaped 
notch has a depth that is sufficient to accommodate the seed crystal S mounted 
on the mounting means 62. 

[0086] Consequently, as show in Figures 17 and 18, as melting of the 

semiconductor raw material ingot M progresses and the melt surface reaches the 
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bottom end 65d of the operation control means 65, force is exerted on the 
semiconductor raw material ingot M (the remainder thereof) by its own weight 
in the direction spreading the catch hole 83, releasing the linkage between 
the catch part hole 83 and the support part 82 and releasing the semiconductor 
raw material ingot M from the state of being supported by the seed crystal SI, 
so that the semiconductor raw material ingot M (the remainder thereof) 
completely drops. The seed crystal SI (single crystal growth part Sla) is 
then exposed by the semiconductor raw material ingot M dropping. 
[0087] Now, the support part 71 is not limited to employing a partial 

conical shape, but may also have a spherical part, as shown in Figure 20, or, 
as shown in Figures 21(a) through (c) , may also be formed so that the support 
part can be separated from the mounting member 73. If the support part 71 is 
formed with a spherical part, the linkage between the catch part 63 and the 
support part 71 can be easily released regardless of the sectional profile of 
the catch part 63. In addition, if the support part 72 is separable, if the 
support part becomes deteriorated, the unit can be reused by replacing only 
said support part 72. 

[0088] Furthermore, it is preferable for the support parts 71, 72 to be 

made of the same substance as the semiconductor raw material as this makes it 
possible to avoid contamination by contact between the raw ingot M and the 
support parts 71, 72. 

[0089] If the semiconductor raw material ingot support jig 61 of this 

condition of embodiment is used in a raw material replenishment-type single 
crystal production method, it becomes possible to supply enough silicon melt L 
without contaminating the quartz crucible 6, whereby a large-volume silicon 
single crystal Ig can be pulled at one time with high single crystallization 
yield. In addition, the molten silicon melt L is not contaminated by dust, 
etc. dropping from the single crystal chamber 3 as the gate valve is opened 
and closed, which in turn allows the single crystallization yield to be 
increased since there is no hindrance to the growth of the single crystal Ig. 
[ 0090 ] Furthermore , 
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[0058] Furthermore, gas replacement also becomes unnecessary, so that the 

cycle time required for a single pulling operation becomes no longer than with 
the normal CZ method, and production becomes economical since the 
semiconductor raw material ingot M is completely melted, without leaving any 
unmelted remnant on the semiconductor raw material ingot support jig. Since 
the support part 64 is formed by expanding the mounting member 62, an 
economical semiconductor raw material ingot support jig with a simple 
structure and no moving parts can be provided. In addition, using a separable 
support part 72 is economical since only said support part 72 is replaced when 
the support part 72 deteriorates, allowing the semiconductor raw material 
ingot support jig 61 to be restored to its original condition without needing 
to be completely replaced. Furthermore, when it is necessary to perform 
chemical etching to remove the contaminants at the completion of each pulling, 
only the seed crystal S needs to be chemically etched, and not the entire 
semiconductor raw material ingot support jig 61, facilitating greater 
longevity. 

[0091] In addition, when used in a recharging system, as with the 

semiconductor raw material ingot support jigs in the conditions of embodiment 
described above, it becomes possible to pull silicon single crystals Ig of 
high single crystallization yield, and to contribute to decreased 

semiconductor single crystal production costs. Furthermore, it becomes 
possible to supply enough silicon melt while reducing the danger of 
contamination to the oven interior by the opening and closing of the gate 
valve, whereby silicon single crystals can be pulled with high single 
crystallization yield. 

[0092] Furthermore, the seed crystal of this invention will be described. 

[0093] As shown in Figures 22 and 23, the seed crystal SI of this 

invention possesses a single crystal growth part SI at its lower end and a 
support part 82, which is situated above said seed crystal growth part SI, 

links with the operation control means 81 disposed in the semiconductor raw 
material ingot M, and is formed with a fan shape with a gradually increasing 
sectional surface area, e.g., with a spherical part, and possesses two 
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functions of growing a single crystal and of supporting the semiconductor raw 
material ingot M. 

[0094] The operation control means 81 possesses a catch hole 83 that is 

disposed on the top of the semiconductor raw material ingot M, a penetrating 
hole 84, which is contiguous with said catch hole 83, has a diameter that is 
greater than the diameter of said catch hole 83, and penetrates the 
semiconductor raw material ingot M along its length, and a splitting groove 85 
that reaches downward past the position reached by the single crystal growth 
part Sla when the support part 82 is engaged with the catch hole 83. This 
splitting groove 85 is formed across the cross section of the semiconductor 
raw material ingot M, so that the semiconductor raw material ingot M {the 
remainder thereof) splits when the semiconductor raw material ingot M is 
melted up to said splitting groove 85. 

[0095] The semiconductor raw material ingot M is mounted on the seed 

crystal SI by passing the seed crystal SI through the penetrating hole 84 with 
the single crystal growth part 31 pointing downward and catching the support 
part 82 on the catch hole 83, and then attaching the seed crystal SI to the 
mounting member {not shown) . 

[0096] Consequently, when the semiconductor raw material ingot M is being 

melted, as melting of the semiconductor raw material ingot M progresses and 
the melt surface 1 reaches the bottom end of the splitting groove 85 in the 
semiconductor raw material ingot M (the remainder thereof) , force is exerted 
on the semiconductor raw material ingot M (the remainder thereof) by its own 
weight in the direction spreading the notch 66, releasing the linkage between 
the catch part 63 and the support part 64 and releasing the semiconductor raw 
material ingot M from the state of being supported by the semiconductor raw 
material ingot support jig 61, so that the semiconductor raw material ingot M 
(the remainder thereof) completely drops. The exposed seed crystal S is then 
brought into contact with the melt and a single crystal Ig is grown, as shown 
in Figure 19. 

[0097] If the seed crystal SI of this condition of embodiment is used in 

a raw material replenishing-type single crystal production method, as with the 
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semiconductor raw material ingot support jig of the first condition of 
embodiment described above, it becomes possible to supply enough silicon melt 
L without contaminating the quartz crucible 6, whereby a large-volume silicon 
single crystal Ig can be pulled at one time with high single crystallization 
yield. In addition, the molten silicon melt L is not contaminated by dust, 
etc. dropping from the single crystal chamber 3 as the gate valve is opened 
and closed, which in turn allows the single crystallization yield to be 
increased since there is no hindrance to the growth of the single crystal Ig. 
Furthermore, gas replacement also becomes unnecessary, so that the cycle time 
required for a single pulling operation becomes no longer than with the normal 
CZ method, and production is economical since the semiconductor raw material 
ingot M is completely melted, without leaving any on the semiconductor raw 
material ingot support jig. Furthermore, since the support part 82 is formed 
expanding as a single unit from the seed crystal SI, an economical 
semiconductor raw material ingot support jig with a simple structure and no 
moving parts can be provided. 

[0098] In addition, when used in a recharging system, as with the 

semiconductor raw material ingot support jigs in the conditions of embodiment 
described above, it becomes possible to pull silicon single crystals Ig of 
high single crystallization yield, and to contribute to decreased 
semiconductor single crystal production costs. Furthermore, it becomes 
possible to supply enough silicon melt while reducing the danger of 
contamination to the oven interior by the opening and closing of the gate 
valve, whereby silicon single crystals can be pulled with high single 
crystallization yield. 

[0099] Now, the support part 82 is not limited to employing a partially 

conical shape, and may as well have a spherical part. 

[0100] It may also be provided with multiple, separate support parts 86, 

that are formed with gradually expanding sectional areas, e.g., spherical 

parts, as shown in Figure 25 [sic], a square notch 87 may be disposed cutting 
across the cross section at the top of the semiconductor raw material ingot M, 
linkage grooves 88 may be disposed parallel with the top of said notch 87, and 
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a catch hole 89 may be disposed contiguous with these linkage grooves 88, so 
that the support part 86 engages with this catch hole 89. 

[0101] If the support part 86 is formed into a sphere, the linkage 

between the catch hole 89 and the support part 86 can be easily released, 
regardless of the shape of the sectional profile of the catch hole 89. In 
addition, if multiple, separate support marts 86 are provided, it can easily 
be utilized for multiple replenishment melt operations. 

[0102] 

[Example Embodiments] Test 1: A 15kg, 127mm-diameter, 600mm-long silicon 
polycrystal rod was melted using a semiconductor raw material ingot support 
jig like that shown in Figure 3 and compared with a comparison example. 
[0103] Result: The entire 15kg of the polycrystal raw material rod were 

able to be melted in this example embodiment. In addition, since the support 
body rose to above the seed crystal after melting of the polycrystal raw 
material rod was completed, the operation was able to shift immediately to 
growth of the single crystal, without an operation to replace the polycrystal 
raw material rod support jig with a seed crystal. 

[0104] In contrast, while up to approximately 12kg of a polycrystal raw 

material rod was able to be melted in a comparison example using a wire-wrap 
support method, the remaining almost 3kg could not be melted. In addition, 

the operation to mount a seed crystal after the polycrystal raw material rod 
had been melted required approximately 1.5 hours. 

Test 2: A 15kg, 127mm-diameter, approximately 600mm-long silicon polycrystal 
rod was melted using a semiconductor raw material ingot support jig like that 
shown in Figure 11 and compared with a comparison example. 

[0105] Result: Similar results to those in Test 1, above, were obtained. 

[0106] Test 3: A 27kg, 14 0mm-diameter, approximately 860mm-long silicon 

polycrystal rod was melted using a semiconductor raw material ingot support 
jig like that shown in Figure 16 and compared with a comparison example. 
[0107] Result: The entire 27kg of the polycrystal raw material rod were 

able to be melted in this example embodiment. In addition, since the support 
body rose to above the seed crystal after melting of the polycrystal raw 
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material rod was completed, the operation was able to shift immediately to 
growth of the single crystal, without an operation to replace the polycrystal 
raw material rod support jig with a seed crystal. 

[0108] In contrast, while up to approximately 25kg of a polycrystal raw 

material rod was able to be melted in a comparison example using a wire-wrap 
support method, the remaining almost 2kg could not be melted. In addition, 
the operation to mount a seed crystal after the polycrystal raw material rod 
had been melted required approximately 1.5 hours. 

Test 4: A silicon polycrystal rod was melted in a raw material replenishment 
system, using a seed crystal like that shown in Figure 23, and compared with a 
comparison example. 

[0109] Result: Since an operation to replace the polycrystal raw 

material rod support jig with a seed crystal was not required, the single 
crystal pulling time was able to me shortened by approximately 60 minutes over 
with comparison example. 
[0110] 

[Effect] With the semiconductor raw material ingot support jig and seed 
crystal, and single crystal production method using them, of this invention, a 
semiconductor raw material ingot support jig and seed crystal, and single 
crystal production method using them, can be provided that do not contaminate 
the interior of the semiconductor single crystal production apparatus when 
supplying the semiconductor raw material ingot, that provide for improved 
single crystallization yield, and that do not lengthen the cycle time required 
for a single pulling, and furthermore that make it possible to melt the entire 
semiconductor raw material ingot. 

[0111] In other words, since the semiconductor raw material ingot is 
supported by a support means on which a seed crystal is mounted, and since the 
support of the semiconductor raw material ingot is released by means of a 
semiconductor production operation control means that releases the support 
state while the semiconductor raw material ingot is being melted, allowing the 
semiconductor raw material ingot to drop into the vessel and be melted, if the 
semiconductor raw material ingot support jig of this invention is used in a 
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raw material replenishing single crystal production method, the silicon 
polycrystal ingot M can be melted as replenishment raw material without 
needing to open the oven or the single crystal chamber to replace the seed 
crystal support means with a semiconductor raw material ingot support jig. 
Consequently, it becomes possible to supply enough silicon melt without 
contaminating the quartz crucible, whereby a large-volume silicon single 
crystal can be pulled at one time with high single crystallization yield. In 
addition, a gate valve for selectively separating the single crystal pulling 
apparatus into an oven component chamber and a single crystal chamber becomes 
unnecessary, so that the molten silicon melt is not contaminated by dust, etc. 
dropping from the single crystal chamber as the gate valve is opened and 
closed, which in turn allows the single crystallization yield to be increased 
since there is no hindrance to the growth of the single crystal. 
[0112] Furthermore, since there is no need to open the oven or the single 

crystal chamber during the series of processes, except when simultaneously 
charging the chunks of silicon polycrystal and installing the silicon 
polycrystal ingot at the beginning of the pulling process, and when removing 
the single crystal ingot that has been pulled, gas replacement also becomes 
unnecessary, so that the cycle time required for a single pulling operation 
becomes no longer than with the normal CZ method. It is also economical since 
the semiconductor raw material ingot is completely melted, without leaving any 
unmelted remnant on the semiconductor raw material ingot support jig. 
[0113] In addition, if a semiconductor raw material ingot support jig, on 

which a seed crystal is mounted, is used to support the semiconductor raw 
material ingot, when using a recharging system, the single crystal chamber 
need only be opened once to replace the seed crystal support means with a 
semiconductor raw material ingot support jig.' Consequently, it becomes 
possible to pull silicon single crystals of high single crystallization yield, 
and to contribute to decreased semiconductor single crystal production costs. 
As a result, the number of times that the gate valve is opened and closed can 
be reduced, v>;here in past recharging methods it had to be opened and closed at 
least twice, making it possible to supply enough silicon melt while reducing 
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the danger of contamination to the oven interior by the opening and closing of 
the gate valve, whereby silicon single crystals can be pulled with high single 
crystallization yield. 

[0114] Additionally, since the support means is disposed on the mounting 

member so that it can be opened or closed, and is formed of multiple support 
bodies that support the semiconductor raw material ingot by pinching it with 
said opening operation or closing operation, the semiconductor raw material 
ingot can be securely supported and the seed crystal can be enclosed within 
the support body, providing for conservation of space. 

[0115] In addition, since the support body comprises support members with 

pawls disposed at one end and weights mounted at their other end, which are 
mounted so that they can rotate freely around rotational shafts that are 
disposed midway on the mounting member, the semiconductor raw material ingot 
can be securely supported, and support of the semiconductor raw material ingot 
can be automatically released by the support body by the action of the 
weights . 

[0116] In addition, since support bodies are mounted on the rotational 

shafts at eccentric midpoints so that the weights of the operating support 
bodies are stationary at a position above the seed crystal, the seed crystal 
can be reliably positioned at the lowest point. 

[0117] Additionally, by engaging the pawls in a support groove that is 

disposed on the side surface of the semiconductor raw material ingot, the 
semiconductor raw material ingot can be easily and securely supported and 
released with a simple structure. 

[0118] Furthermore, since the operation control means is formed in a drop 

notch that is cut in the top of the semiconductor raw material ingot M across 
its cross section, to a depth that is deeper than the position of the support 
groove, the semiconductor raw material ingot can be reliably dropped and 
melted during the process of melting the semiconductor raw material ingot, 
[0119] In addition, since the sectional profile of the drop notch is V- 

shaped or square, the semiconductor raw material ingot can be reliably dropped 
and melted regardless of this simple structure. 
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[0120] Additionally, since the operation control means is a solid 

semiconductor polycrystal or single crystal that extends between connectors 
disposed on the support members, and since it is enclosed within a notch that 
is cut to a depth that is deeper than the position of the support groove, the 
semiconductor raw material ingot can be reliably dropped and melted during the 
process of melting the semiconductor raw material ingot, and since it is made 
of a semiconductor, purity is not compromised and the single crystallization 
yield is not decreased. 

[0121] Furthermore, since the support part that comprises the support 

means is formed in a fan shape with a gradually increasing sectional area, the 
operation control means is formed as a notch disposed in the top of the 
semiconductor raw material ingot and cutting across its cross section, and the 
seed crystal is enclosed within the operation control means, an economical 
semiconductor raw material ingot support jig with a simple structure and no 
moving parts can be provided. Furthermore, when it is necessary to perform 
chemical etching to remove the contaminants at the completion of each pulling, 
only the seed crystal needs to be chemically etched, and not the entire 
semiconductor raw material ingot support jig/ facilitating greater longevity. 
[0122] In addition, since the support part possesses a spherical part, 

the linkage between the catch part and the support part can be easily released 
regardless of the sectional profile of the catch part. 

[0123] Additionally, since the support part is formed with a conical 

part, the linlcage between the catch part and the support part can be easily 
released, and the semiconductor raw material ingot can be reliably dropped. 
[0124] Furthermore, since the spherical part can be separated from the 

mounting member, if the support part becomes deteriorated, the unit can be 
reused by replacing only said support part, without replacing the entire 
semiconductor raw material ingot support jig, economically restoring the unit 
to its original condition. 

[0125] In addition, since the conical part can be separated from the 

mounting member, if the support part becomes deteriorated, the unit can be 
reused. by replacing only said support part, without replacing the entire 
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semiconductor raw material ingot support jig, economically restoring the unit 
to its original condition. 

[0126] Additionally, since the seed crystal is equipped with a single 

crystal growth part that is accommodated by a void disposed in the 
semiconductor raw material ingot, and which causes a single crystal to grow 
when brought into contact with the semiconductor raw material melt, and fan- 
shaped support part with a gradually increasing sectional area, which is 
disposed above said single crystal growth part, when used in a raw material 
replenishing-type or recharging-type single crystal production method, it 
becomes possible to supply enough silicon melt without contaminating the 
quartz crucible, enabling a high-volume silicon single crystal to be pulled at 
one time with high single crystallization yield. Furthermore, gas replacement 
also becomes unnecessary, so that the cycle time required for a single pulling 
operation becomes no longer than with the normal CZ method, and the process is 
economical since the semiconductor raw material ingot is completely melted, 
without leaving any unmelted remnant on the semiconductor raw material ingot 
support jig. Additionally, since the support part is formed expanding as a 
single unit into the seed crystal, it can be used as an economical 
semiconductor raw material ingot support jig with a simple structure and no 
moving parts . 

[0127] In addition, since the silicon single crystal support part 

possesses a spherical part, the linkage between the catch part and the support 
part can be easily released regardless of the sectional profile of the catch 
part, and the semiconductor raw material ingot can be reliably dropped. 
[0128] Additionally, since the silicon single crystal support part is 

formed with a conical part, the linJcage between the catch part and the support 
part can be easily released, and the semiconductor raw material ingot can be 
reliably dropped . 

[0129] Furthermore, since there are multiple, separate support parts 

provided, it is convenient for easy use for multiple replenishment melting. 

[0130] In addition, if a semiconductor single crystal production method, 

which possesses a process in which a semiconductor raw material ingot is 
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supported by a semiconductor raw material ingot support jig that possesses a 
mounting member, in which a pulling wire is mounted to its upper end and a 
seed crystal is mounted to its lower end, a support means, which is disposed 
on said mounting member and supports a semiconductor raw material ingot, and 
an operation control means that is made from a semiconductor, and which 
releases the support state between the support means and the semiconductor raw 
material ingot, is used in a raw material replenishing-type single crystal 
production method, the silicon polycrystal ingot can be melted as 
replenishment raw material without needing to open the oven or the single 
crystal chamber to replace the seed crystal support means with a semiconductor 
raw material ingot support jig, and it becomes possible to supply enough 
silicon melt without contaminating the quartz crucible, whereby a large-volume 
silicon single crystal can be pulled at one time with high single 
crystallization yield. It also becomes unnecessary to selectively separate 
the single crystal pulling apparatus into an oven component chamber and a 
single crystal chamber by means of a gate valve, so that the molten silicon 
melt is not contaminated by dust, etc. dropping from the single crystal 
chamber as the gate valve is opened and closed, which in turn allows the 
single crystallization yield to be increased since there is no hindrance to 
the growth of the single crystal. 

[0131] Furthermore, since there is no need to open the oven or the single 

crystal chamber during the series of processes, except when simultaneously 
charging the chunks of silicon polycrystal and installing the silicon 
polycrystal ingot at the beginning of the pulling process, and when removing 
the single crystal ingot that has been pulled, gas replacement also becomes 
unnecessary, so that the cycle time required for a single pulling operation 
becomes no longer than with the normal CZ method. It is also economical since 
the semiconductor raw material ingot is completely melted, without leaving any 
on the semiconductor raw material ingot support jig. 

[0132] Additionally, if used in a recharging system, the single crystal 

chamber need only be opened once to replace the seed crystal support means 
with a semiconductor raw material ingot support jig. Consequently, it becomes 
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possible to pull silicon single crystals of high single crystallization yield, 
and to contribute to decreased semiconductor single crystal production costs. 
As a result, the number of times that the gate valve is opened and closed can 
be reduced, where in past recharging methods it had to be opened and closed at 
least twice, making it possible to supply enough silicon melt while reducing 
the danger of contamination to the oven interior by the opening and closing of 
the gate valve, whereby silicon single crystals can be pulled with high single 
crystallization yield. 
[Brief Explanation of the Figures] 

[Figure 1] This is an explanatory drawing showing a condition of embodiment 

of the semiconductor single crystal production method of this invention. 

[Figure 2] This shows the state in which a semiconductor raw material ingot 

is supported by a condition of embodiment of the semiconductor raw material 

ingot support jig of this invention, wherein (a) is a side-view drawing 

thereof, and (b) is the cross section drawing along c-c' in (a) . 

[Figure 3] This is a plan-view drawing of a condition of embodiment of the 

semiconductor raw material ingot support jig of this invention. 

[Figure 4] This is a side-view drawing of a condition of embodiment of the 

semiconductor raw material ingot support jig of this invention. 

[Figure 5] This is an explanatory drawing showing the operating state of a 

condition of embodiment of the semiconductor raw material ingot support jig of 

this invention. 

[Figure 6] This is an explanatory drawing showing the operating state of a 
condition of embodiment of the semiconductor raw material ingot support jig of 
this invention, 

[Figure 7] Figures (a) through (f) are a manufacturing process diagram of a 
condition of embodiment in which the various semiconductor single crystal 
production methods of this invention is used in a raw material replenishment- 
type single crystal, production method. 

[Figure 8] Figures (a) through (e) are a manufacturing process diagram of a 
condition of embodiment in which the various semiconductor single crystal 
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production methods of this invention is used in a recharging-type single 
crystal production method. 

[Figure 9] This is a plan-view drawing of another condition of embodiment of 
the semiconductor raw material ingot support jig of this invention. 
[Figure 10] This shows the state in which a semiconductor raw material ingot 
is supported by another condition of embodiment of the semiconductor raw 
material ingot support jig of this invention, wherein (a) is a plan-view 
drawing thereof, and (b) is a cross section drawing thereof. 

[Figure 11] This is a plan-view drawing of another condition of embodiment of 

the semiconductor raw material ingot support jig of this invention. 

[Figure 12] This is a side-view drawing of another condition of embodiment of 

the semiconductor raw material ingot support jig of this invention. 
[Figure 13] This is an explanatory drawing of the operating state of another 
condition of en±)odiment of the semiconductor raw material ingot support jig of 
this invention. 

[Figure 14] This is an explanatory drawing of the operating state of another 
condition of embodiment of the semiconductor raw material ingot support jig of 
this invention. 

[Figure 15] This is a plan-view drawing of another condition of embodiment of 
the semiconductor raw material ingot support jig of this invention. 
[Figure 16] This shows the state in which a semiconductor raw material ingot 
is supported by another condition of embodiment of the semiconductor raw 
material ingot support jig of this invention, wherein (a) is a plan-view 
drawing thereof, and (b) is a cross section drawing thereof. 

[Figure 17] This is an explanatory drawing of the operating state of another 
condition of embodiment of the semiconductor raw material ingot support jig of 
this invention. 

[Figure 18] This is an explanatory drawing of the operating state of another 
condition of embodiment of the semiconductor raw material ingot support jig of 
this invention. 
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[Figure 19] This is an explanatory drawing of the state in which a single 
crystal is being pulled using another condition of embodiment of the 
semiconductor raw material ingot support jig of this invention. 
[Figure 20] This is an explanatory drawing showing an example modification of 
another condition of embodiment of the semiconductor raw material ingot 
support jig of this invention. 

[Figure 21] Figures (a) through (c) are explanatory drawings showing example 
modifications of another condition of embodiment of the semiconductor raw 
material ingot support jig of this invention. 

[Figure 22] This is a cross-sectional drawing showing another condition of 
embodiment of the semiconductor raw material ingot support jig of this 

invention . 

[Figure 23] This is a cross-sectional drawing showing an example modification 
of another condition of embodiment of the semiconductor raw material ingot 
support jig of this invention. 

[Figure 24] This is a past semiconductor single crystal production method. 
[Figure 25] Figures (a) through (f) are a manufacturing process diagram of a 
past raw material replenishment -type single crystal production method. 
[Figure 26] Figures (a) through (e) are a manufacturing process diagram of a 
past recharging-type single crystal production method. 
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gOSr^:ft$-<i-St>Ot'?>S, 

[00041 -mzmi^ixhwm^i^^i^ u 3 yji 

^P7.-i<9 3 \,Z%m,'^KM-'mm.(n^^^ly V 3 

[0 0051 -?-iTa:55.Hr6«<0*aifcUT, 02 5fc 
i^S. c:<0jiSD^^-v^rie<i*teS»ji5iai 0 1 Sr 

y- h A/l.T' 1 0 2 fci *)^m^mm 1 0 3 fc^i^s 
iRitftias 1 0 4 {^^gl:ft^3] 0 ^sg t L , y- h ^ N'/i^ri 0 

2<0ggm«T»*S^f l±(f^!3)i{:*PgP«J|XttSl 0 3 
lzMW.$tlt:^m>l'y^^l 0 5izA^mm^i^v 



vymOtimmiiZi^VvymMOi:. Z(Oi^>J^ym 
M 0 (ciSft 4>ixf^Sl^« 1 1 1 tcKttr?^ -V 1 0 6 
HIL, d^K^y^f-^l 06Sr5l±tfffl'7^-\'l 07(C 

istf-ptt, ai±{fffl'7^^rio7t3a#u (025 
(a) ) , ^mmiiom^i^o^ymoimm^^^ 

^W-y /-K 1 0 5 C7)$«j8 0 %gS^ X'>- y 3 L 0 5: 
Wzl (122 5 (b) ) , ^coi^'jayltjgLOtra 
fllKgi±Jfffl'7'f-\'l 0 7Sr»T$*T. i^Vaymm 

Loi.z>'0:jymMoim&^-±xMnmi^^t (112 

5(c)), x»j3yili?SL0*'':^l'>y.-}ClO5cO{i 

i3:^mzm^tit. 

[00061 -U. JRftV'f -^106 iz^-^titim 

mmmix^^^i^ V 3 y^M 0 mm^-^tim. jr 
10 6 $-±#§-ti-. ^(cy- h^vk:?' 1 0 2 
Sffl t . y- h/'^/P:^ 1 0 2 i OftflJ^.*tJt#*SaiR 
ttSP 1 0 4 rt-C-, V U a y«|coSg|5Sr^ L/cIR# 
-V- 1 0 6 1 W^^^^& lost $:3cJft L-CK#it 
;«afeaS«f^S 1 0 SKW^ft S 0 *s]R#»ti?> 
(02 5 (d) ) , 
[0007] y-h^NVPyi 0 2$rraScL, 

SMSs 0 Sr^p>y4< 1 0 5 'px-mmmcoi^ v^y 
umLoizmi^-tx. ssfefts ocoTatwSitefts 0 

fc|5lttgB^B*-{4S:*-rS#^fBl g0SrjS«§-tt (02 
5(e)), :5ll/l^74fl0 54'tC{iJ^'J3yBJiaSL0 

*ni^:^i^^s^»^^v|^JBt•^-■^. (02 5 ( f ) ) . 

[0008] ±feco*MH^H»jS^B 1 0 1 SrfflV^^c^SI 

mms,(r)m:ijmizxin£. 024 tc^-r j: 0 ^iis 

[00 09] t*»L, ic7)S?jt:traT-<i, t-i5'109 

^*5#^$ix^«t«-e#ite^i!Jt^Mi 0 Kogiifttfic 
m-ct 1 nKiy-hvswi 0 2^0!tT, ^mm 

c^*JS^iR*^g5 1 0 4 LT *Jt»tg|5<0#«Sft X V 
a yglM 0 L/^m^-f -\' 1 0 6 1 mi&^^m- 

s 1 0 8 fc (omnf^^in\>\ § hiz^m^'^o 3 

y«iviOSri»Uv:IX#V^-\'l 0 6co9l±V^-^l 0 

m:k^izm^ti^. ^mzm^titzmikim^i o 
4 ^HS*pa5«iRiwm 1 0 3 fcaas-ti-i. t , m^aU 

tim^) mm^-^t±^^j:mmiz^j:-oXK^i. t 
fc, y-h^^fi^yi 0 2ff)mm<izj:i,y-h^^jvymi 

-VI 0 6izii.i^ooym<r)^^uim*)^m^i> 

[0010] tfc. mcr>ax ut, 02 
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[00 11] z<7)0i-r-i^imiim^i^mi 2 
1 iy- h AW 1 2 2 ct *)^smuit^m 1 2 3 tm 
mmm 1 2 4 izms.m 0 l , y- h ^'/py 

1 2 2c0g|»««-cm^fl I g 1 Sr?l±{fT]Raj *P 

mmm. 1 2 3 KEa^n/^^^i^^.i? 125 izmm 

i^'Jr?yLl (026 (a) ) , mz. Y- 

b AVpy 1 2 2 CJ: Ott«}4>tt^c#«ga»R^^ 1 2 4 rt 
•C«i^ft^m#S 1 2 6 ^ V U 3 y^M 1 fc:^{t^>il-^^ 
3^?t 1 2 7 tC^gUI^ fxy^iIXfty >f ^rl 2 8 LT 
^mt'fflV-^-Vl 2 9(Cffi#tt (02 6 (b) ) , Cico 
flX#7 ^ -\' 1 2 8 tJXfttt4>itit^t£ai^ U 3 y^M 1 
S:»T$-li-i^ U 3 ygt^KL 1 {c«Jtt§-li-CjSill$-li-, 
•j3>ii?SLltC-fS (112 6 (c) ) . 
[0012] ^ilS^>'U3yttMiojmi;:H'5>'U3 

^-\'l 28^:±#Slir. ^r'-hys;;l.yi 2 2«:^t, y 
- h A'/WT' 1 2 2 1 J: Oft«J 'onfc^ife^lClWlgf 1 2 4 

^■V 1 2 8 fcSfeS^il^a 1 2 6 1 ^ 3aSLT]R# 
(t, i(^a*SS^j#^Sl 2 6{cSieSS l3!)>TR#{t'o 
ni. (026 (d) ) . 

[0 0 13] L*>Sa. y-hAVPri 2 2$-rajS[L. 

l» 3 y M 1 (cSHtt^-li-T , imSsS 1 I g 1 

f£:ftS-li:l. (02 6 (e) ) . 

[0 0 14] L*>t, z(mm-nmx'{,. t-:?i3o 
mmmixtzm^-cm^^^mi 2 imm^^z 
2iHi{iy-bA';i.ri 2 2^B!tT. w^mmi 2 
3 1 m^mjm 1 2 4 1 s- l , om^aiR 

Wia5124S:ffifttT, Sife^Sl^ai 2 6i;^|gS 
V 'J 3 y«|M 1 <^*^a5^S» L/^liXf+7>f -V 1 2 8 

BXf+y^^l 2 8t«i^fHS»*Sl 2 6^02<«iJffd 
^e^^*^^)SJt:4^), *^^itXft^gl5124{±2|B]i,;*;mtc>S 
Sits. ffi#'7'f-^rl 2 8{c(i>'y3V«i<05KjS 

[0 0 1 5] ^oT, cc7)';f-A'-i^':fr^(ijaanf-i'- 
i^-m\izvtKx^(^\.zmmi£<nmfizii y)pmm 
mi 2 3 mmt. m^B i g o<7)mmmtmik 

[0 0 16] $/^>{C, ±Ml^m\ii--r~i^'1i^. 'J^ 

ii^>. 1 mco^\±mzm-t^'f-( 9)V9^Mm'^<7)cz 

[00 17] 

[?&WSfi^LJ:3ttSilS] -fit-, 4^f*lS:|st« 



[00181 *^flJ{i±^t-^c»ffl^#J:Lr^r$ix/c 

01 igo5i±tf{cSt-i.-9-'f ^71^^'^ Ai,:g<^^>-f . 
%h^mmM-^rhmi.xmm^n^shmz:Ltim 

[00 19] 

b. z(mnmizmfti>timmmi:^m-&^ 

mi:msk^'tm'PTmmmmmmmizm'o. 
^:^mzxi,^i^mm<r>^mfmix. 
mnmtrmmiznr, mm^^iztmmth^ 
mmnmm^MX'Sihzbimt l-cv^s. 

[0020] *SPf*«2 W^-CJi, ±3£m^m 

li. mimmzmmmmizmfioiimmmfzim 
mizx *)^mmmmttxdiz^i-hm.m<7) 
ma^xm^ztix \,^?>zh mmb -tm^ 1 ^zm 

[00211 *re«««3^%BjT<i. iMm^m 
MmmzwmmmizWL^hix. ^mm. 
^^Lx\-^hmx'\,tmw\^^zm^ikimiL. ^ 
mw.wmm(^^^^<mf. mwrnxu^m^i^ 
jBS-a-Tv^i. t s-itstt-rsw^ 1 i/i{42{cfat!i 

[00221 *^^«4 <7)wnx'\i. m.-mmi. 
-mzjmtimnhti. ^f.zm'om.mhiitz^ 
mm. ^<r>^mssxmumzm(>tifi.mzmu 
w.zmi^ntzzt mwLbthmim2 tfzu 3 tciBtt 

[0023] ^mmm5<^mTii.. iMt^mmt. 

s J: d t . {fit L tz'^m^xmzmmhixx \^hzt 
imLt-^h mm. 2 v ^ l 4 c 1 « ^ztm<r> 

[00241 *gWf^3»6cO^BJt'li. ±Mm\i. ^ 

mwm^(mmmzm'ft^td-z-mmf,z^^-rhL t 
^mt-t?>mm2^j:\,^i5<o\,^-rhij^imizssm<r) 
mmnm:^i^MX'hi>zti:^^t ix^^i. 
[00251 :^m-tm7mmx'ii. ^mmmm^ 
mi. ^mm.mx<j{>m<^mmmmco±mzm 
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[0026] :^mmm8</i^mTii. ^tmrmmx 
[0027] :^mm^9<r>mTii. iMdmmm^ 

^\,zwm^wmfAm3^mS:-Qhhz t Sr^tt t 
[0028] ^mkm i o <r)wm. Jiiesit^s 

t.tik.mM'mmti. iMmsiAimrnvmrn^ 
i,zmi^tixi5^ . ^wwMm^mk^^tm>x'^ 
mwwmm(^m&^zm'o^mMmfi'itm^ta:^ 
mzi.h^w.wMm<fymii^m^^ti. ^i/inwrnm. 

[0029] *raii*3a 1 1 of&BB-cfi, ±iE3a^gi5 

<7)mmnm^¥fmx'$}?,zbim^t t-cv^s, 
[00301 1 2<^m'cii. iJKdtas 

\i. nmi^^x'mm^iixK^tzt^mwLbi-m^m 

1 ItcieUcO^ftcffi^^^^^&^TfcSwtS-Si-i; 
[0031] :^mmm 1 3 COllBJTJi, ±i2^J^g|5 

»*ja 1 1 izimmmniiEmmmi&Mxhiz t 

[0032] 1 4 C0||HBT'{4, ±td.im^ 

?,mm 1 2 izmi(o^mi*imnmm^^xf>t z t 

[0033] 1 5 cr)^BH{4. ^mnmiz 
mft^tifzmmzm^ti. mmmmwuzmm^ 
itx^m&^m^^hmmmt, z<Dmm 
mco±i]izmfi^tL. w\mmf}m'ixm±tmiKim 
<7)^^t^MmL. zco^mti^i^mmmizmf 
^tL^mmmm<^m.izm*}m^tLtmmm^& 
m^i. ^ii^m.fmmm^'^m^x'^i^m.n 
mmmm*)^f^mmmmmm^iix^mzx^ 



zk^mib-ti>m^xs>&zkim^t ltv^s, 
[0034] *isif^« 1 6 <7)^mx'ii. ±iBS^a5 
(4, mm^^^i-hzbmmbi-m^i stciesj 

<7)W^^BX'h^Zbi:m^bLX\'^h. 
[00351 ^BmSJS 1 7ff)^m'ii. ±td^m 

ii. mi^^x'mm^iix^^^zbmwLbtm^m 

1 5lZsm<r>m^BTt)hZbt:^^bLX^^^. 

[00361 :¥mmm i affmrnx-a. ±M&mi 
(4. mmLxmmmni^ti^zb^nmb-f^mm 
1 5^v^L 1 7<7)o-fn*»iJifcia«j<^«Mft-c'*sc: 

[00371 *8(»*]S 1 9<0|i6BH{i, §5lrtfe:iR?i§ 

ith^i^m&mmmiziiK^x. ±mizm±tfm 

v^^mmfi^KTmzm^^Bimmff>timH^ 

i^&b. z<r>^^Rb^i^mfAmb<7)^m^ 
t:fm-thmim<7)mmm^^b i:^-t?,^m 
nm^ihmz^y)^f^mmm^^i-txmb. z 
<r)^i^mmmmm^^^^^4'X'mmm^&mm 
izm *) S3*#sf: m-^m^mm tx^^ma^mmi: 
mmzmT^mm^^txmb. mtmmcr)^ 
wmfmmizmsmikiim^^xm&i&^^it 
hxub ^^thzb imLb-t&^imm^trmm. 
irmxSy^zbim^bLx^^h, 
[0038] ^msmioco^mx'ii, ±m^mm 
mmmi^Mi>zm^tifz^mmmmmm^-^tix 
mizmthtiTmbix. "fnymHz^mmmn 
m^^itxi3<xm^:^i-izbi:mLb-rmi<mi 
9 iznmc^^mm^Bcomjfmx'hiz b imb 

[0039] :^msm 1 ^mmxii. ^mi-m^ 
f^iz^^i^m.mm^^'±xi3<xmi. ^^mi^m^ 
co^co^m^zmmiz^mmmm^ithxmx' 
h?>zbimib-ti>mm20izim<r>¥f^mf¥m& 
(om^umx-h^z b Srstt ix\^& . 
[0040] *rai«JS2 2ffmmx'ii. ^mm^ 
mz^mi^mmim^^xisKxmi. mtxnh 
ti&mwm^mmiz}i\, ^x^mmmmmm^ 
^■^xnKxmx'h^zbinmb-tm^mi 9^zm 
ncomnim^mmmx'hizb Srsift l-cv> 

[004 1 ] 

iii^m)5iir/bmm^mzztii:m\.^tism^ 

mkmiz-?\,^xmnmmzm-:smm-tt , 

[ 0 0 4 2 ] 0 1 iz^^-ri d^j::^mmh6^m 



(6) M2 001-19587 (P2001-19 54 



[0 04 3] mmmsui^smzmi'T 
(>titzv^^9<r)Tmiz:^m^mh:b^mnm: 

mmmmi on. -si i eiizBi±imv^^9i}m 
nifi^timmi i hizw^^smnai^tLtimmn 
lib. zmnmi lizmfi^tL^mmnmMi: 
^i-tim^&. mni~m^m 12. 1 2 1 . 
z<7)^m 12, 12b ^^mnm b <^m^m^ 
fmt?>. mniimi¥i2. 1 2mizwA$tifzm 

[004 5] i^t(*:l 2. 12ti. -mzmi4. 1 

4i3m\fii>titz^mni5. 15b. zcrt^mi 

5. 1 5c7)|5i!iEiiiii6, iGt^t^mizmso' in&it 
xmm:ti>fmizmf(^tu::m*) ii. 17 b. sj^as 

*tl5, 1 5i:TOcSffL. mSPlS. 18imifii> 
tif::m<^^^til9. l9b^^LX\i^l. 
[0046]S1#*15. 15. 19. 19«, ECtt 

16,16 ifp'tAz^mtt X 0 iz. ^cof^ms^xnn 
mi nzmfi^ii.mm^izmi.x(^n.fzmm2 
o(ciiiis«ii6, le^-n-ixmsmzmiii^ti. 
mBtixxmeiziFi-riidiz. mmm^i s-^mm 
^ii-^m^i 2. 1 2mi^it:mx. ^mi 

5. 1 5coa0 17,1 7i)<W^^S(7)±jjl,zimLX 

i»±-rhXoiz. snitzi^mBxmmmie. 1 etc 
mifhtLX\^?>.^mi5. 15, 19, 190 

xm.^tixi5 0 , Mmm±if'pm 14, 1 4 , 1 

8, 1 8*«*ite^lRlft^3coMii{cSi?.^:va at^ro 

-cv^s. tfz. #^<DSjf^ffi5, 1 sizmnwz 
1 7, 1 7{i, ^m2omnm±iz^^ii 

TfcO, ^^(^m*) 17,1 7«0|5l|ji*«TI^$ix^:v^J: 

[0047]ma514, 14, 18, ISli^mttl 
5, 15, 19, 1 9*><i>9 0' JfttLtJg^Sn-Cfc 
0, 02fc:^-rJ:^t, 51#*12, 12fcJ;S^»«c 
E^t)6Mc7)il^(i, 3a$*|5«l 5, 15, 19, 19(C 
mf(^hfz4m<omi4. 14, I8, 18$r^3W*: 

mmmMcommmzWL»i^titi^mi2im^'r6z 

bizX'onhiiX\'^l. 

[00 48] ilff*lJfflI^Sl 3(±, 30^*12, 12{C 

mifioti¥mzmT^i~i!icr>m'F2 2 , 2 2mx 



mmmma^mmxt) 0 , ±ucr)X 0 iz-M(om 
ifei^2 2, 2 2mizmi&^ti, ^mf^mmmco 
^mz^mmmmtxmi'fhti. mm2i(7)im 
i 0 tai< fl)as;*T.^®eje«<^)«]5!:a52 3 i^tiR^$ 

[ 0 0 4 9 ] 'Srfc, mm^asmnm 1 1 ^mmf 
«i, nnmi laxxm^hs^z^^mft^tifmn 

H (m^-T) iz^i^y (B^-f ) mXLXffh 

[0050] mz. :^mmhhmtiimnm^ih 

[0051 ] m7iim\ii'^-i^1jii<^mmm^cr> 
wm.mmx\ m^^mmm 1 ^^mmm 2 ^ 
izBM^tLtim)uy7ii6izf\sm^mmm&>^ 

•Jaym^-^^L, ^(^izm^^m^3<nv^^9iz 

jRHi'f(>iitzm»mm^mm omnmi 1 
xoiz. ^mmMmMirmwuzmh^j:*^^. asaa 

SS:-*tc7)3d#«:l 2, 1 2^{clRj|<iL, -^O 

jiifei^2 2, 2 2imx^23izimtixoiz^^ 

mi5. 15, 19, 1 9*STL, WtLTfll^l 

4, 14, 18, i8i:i[^m2im^tmmn 
mM^~M(7)^mii 2, 1 2X'^tt:m. mxm 

3 |*lT-^tc^)j!t«^ 2 2,22 S-»f^M1»#g 1 3 COM 
i^lHz¥IXtX.^mi5. 15, 19, 19«0IB 

mm?:mi. ^msmm^ihMlo^zxy)^^mf¥ 

mmmMi:^-th (@7 (a) > . 

[0052] mz. :G^yy4(6mmizmin:\i-if 

4 ^miX , m^i- 'J 3 y m S-^:^(caPiS}gllS 

6^8o%mmtxi^o^ymmLimt (07 

(b) ) . §^>t, /jN«?^<7)^^ai^';aymi:liSiJ 

mizmm i , sst^is^icartgp 3 mmix^mmm 
m^^M 1 0 izx *)m^tif^mmmMmr 
xi^vziymeiuzi^m^-tmmss.^-^th. z<o^m 
mnmM^:wm^-\ttxmzii\,^x. ^mmmM 
immm^iiiifi. m3i5xx/m4iz^tx^iz. m 

ifc&»mil52 3K^t, ^^m5iZ7FrrXoiz. 
i;,«0l7, 17izX'0^thfHzX'0^mi2. 

1 2 liwuMim IX , ^mmmmm lob^ 
mmmm (sa?) bmirmim^timmm 

mMti:BM:^y:^f\^'y^^emznTimm^til. f¥o 

•c, mwmmmMii±xmmLtpizmLxmm^ti 

[0053] ^mnmmmti^^jti t ^ n 
yffll>SL{i5^^'y;^^6^7)^^{^^»^^)l$^^s. 

^flsl 2, 1 2*5BBJia6fm.fc, 06{cS^f J:3 
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ma514, 14. 18. 18ii±l3izmh±i)^*). 
«0 1 7. 1 7*«T:6-fc5rS, L*^L. i^mtl 5. 

ffiW^^mm^^-^mmizKc^ (07 (d) > . 
[00541 Lii-m. sm^\±imm. 1 

aig&«*$« (07 (e) ) . 
(00 5 5] ^(>izm^^y^-yhl gi:^^^'^X 

^rSKli^UnyLtiJ^^Lrv^^v^ (07 (e) ) . 
[ 0 0 5 6 J ±56 Ly:!*l%BBfc«*>S^^<*#*gficOS 

m'Tt^tifzmm^mm.^i^M. i o srwi^s c: t j: 
Mz. msttzummms^mm-iimm 

>uy7i( 6 izmm<r>^j:\> ^+^^: U n ymmLcrimm 

[ 0 0 5 7 ] . mm±^mm i Sr^pgptfjRirts 
bKc*). y-w<f\^y<Dmmizm^m&m^3i)^i^ 

^:<. *sg^b*iOig$'fi:t>0as. 

c 0 0 5 8 ] s B\±tfxmzmim]<^4^^ 

mm-m$i¥mbmm^mMb^mmzmm-t?> 

[0059] S«-N^f*:^M«gia5S:##f*:lS?^J^^1# 
?6A{w*}§ltaS:«t-C:i:^r<. :^TJ§ilt§-fr4:: tA^- 
[ 0 0 6 0 ] ¥^mmms^mMtiXt/^^mi^ 

^izim--mi:ntxmnti . 

[0061] m8iiVi-^-'Jij^<D^^mm^^Bm 

m.miypti)(ox\ ^^ucm^i 8t:3\±if. - 

fto (08 (a) 

[ 0 0 6 2 ] <^:{-. *|g^lRlfta53fc^ft<^iX^y-h 

;tllM}e.«TfflV^07{c^L^t|iI«<O«jtS:^L. V 

^ -^-9 f.zmi^ihtitzifi%m^zmhh^mwwmmm 



f*, 02^rv^L04fc:^j:d{=. ^wmmmmm 

mzm L . -JtiOjlMi^ 2 2.22 *<«J:Xg5 2 3 tClR 
»i§nSJ:3{c5i*g?«l 5, 15, 19. 19^ST 
L. ¥^TtcL-Cma514. 14. 18. 18S:^«2 
1 K«-&$-e:^|i^«slIfl«|M i:-m^f¥ 12.12 
Uzik, WX^ 2 3 2 2.22 

^mmm^m 3<DminznxLx. ^nmi 
5. 15. 19. i9ff)mmifiFmt. ^wmm 

^ihMl OizX *)^^mi^mmMi:^-th (08 

(b) ) , 

[0063] mz. y- h^<)ur3 1 im^'^x^f^iki^ 
ooymMi:i^oziymieimizmbxmm^-t?, ma 

( c ) ) . zcrm^n^mmMimm^^^zmziii^ 

1 3*»'^SS§itl.t. MO 1 7. 1 7tcJ:oT4tS^) 
iZX<J^i^l 2. 1 2Jig3»Ci!lffLT. ^^«sK!pf« 

fm^ti^mmmmMimmizm imm^tii . 
m-yx. ^mmMmM^i±xmML'p^zmTLxmM 

[0064] mmnmM<DmMi}^^7ti> t^-va 
ym.muiW\^yTi(6(r)iii3:±mzm^ti. i. 

m^l2. 123m8cS6f^l.t. 06H^-rJ:5tC. 

^fz-timz^j:l (08 (d) ) , 

[0065] ti-m. mm±ifmw.i 2imm 

l^^l Sim^-th (08 (e) ) , 
[0066]$ 4>t|ltSf8'f M g ^jS^$-frT 
5l±{f5:^7$-tS*5. ^;P>y--K6^mA:^i3!)^'i) 

m^mmmi^oayLt:m»^-t^ ma 

(a) ) . 

[0067] :miimm<r>¥fmi^m^^<r>mmjfmizi 

iRiWSi53S:rajfcmilI-C^tf. tS-^T. i/'jaym^fa 
I gOiS«SS&ft;¥t-5l±(f I. b mmb 0 . ^ 

j\^y<^mm^i&m^-^. mmiz^o^\^^mm(7) 

^ 0 . 3 y#fe^ S:iS#i^fB^t:*-C9l±(fl. ^ t 

izmmmm-tzb^j:<. ^xmm^'t&zbti^x^ 
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[ 0 0 6 8 ] jjcfc, :¥mizmi>^wmmmih 
[0 0 69] ia9^t^L0i 2t;7s-rj:a(c. 

mm.nitM:4 1 ti. -4184 2 aK^Utfffly-f -\'9*i 

«4 2 i: . C:<^JRtfggtt4 2 (=iS{t<b^l¥?l*K1£l«BM 
S-$l#-rSS^S. 0l|x.lf-*fOiJ#«c4 3.43 

[00 70] #^c03d$*4 3, 4 3{i, -«gtC2fflO 
mgS4 5, 4 67&«iS{t/c>*l:t3d#SIW4 7. 4 7i:. ^ 
CO^mA 7 . 4 7iOIiI!|g«4 8. 4 8*»io?WtC*«; 

3 0 • iff ft Lt:fiai-|.fl!!«{cift{t^»#i/>:« 04 9,4 
9f:^^rLTV^S. 

[0071] ^gP«47, 47{i, ISIKW48, 48 

mhtimm^msmt5 0izm9i.m4 8. 4 8* 

:frLTIII|j)i^ttc]RWt^>it. 01 l*3J:t^l 2tz^ 

tx 0 mmmm4 a t'^m.'^ti-m^A 3 , 4 
3 *<iif^ Lf^*t«T. ^^a5«4 7 , 4 7 <oa 0 4 9 . 

4 9*«efis<7)j::fr{cfflSLt:»±-rs i 5 dm 

L;t4»Slg|5t'IlHg«l4 8. 4 8{C]R#{t<5*lTV^S. 
[00721*049, 49<iilta5«47, 41<r>A 
§54 5, 4 5, 4 6, 4 6fflll*TOf^$1i:S 

0 , mim4 2 {zmi\ihtitimmmm:m5 
o^7)J^fti^±^^ieg§^^TfcO, #^«^a:04 9, 49 

[0 0 7 3img|54 5, 4 5, 4 6, 4 6«^a#a5tt4 
7. 4 7*»f>9 0- fffflL-C?^«$nTfcO, 
f4«Mc7)Sjf «i, 4<i(^Jl\a54 5,45,46,46$: 

[0074] t!if^$i|ffli^g4 4 \i^WW^mcr>m 

it, Sj^«5 icofiKJ: 0 t>gg<«Jiii<X7t5feSffl«^S?je 

«<^^c:a55 2tj:om$ixt:v^s. ssot, hi 3 

fcit^ia 1 4 t^-r J: 3 1 , ^Ni!f*M1s|^M<7)^*<it 
ffL, ^ilffi*«»f^SiJffll*S4 4<^TJfgt=^l.t, S 
J#a5«4 7, 4 7<0jlia54 5, 4 5, 4 6, 4"6tJ:0 

mmnzi.'ommnm (m>) mxu52 
^m'hti>iimzif^mti. 1 ^a^s. 4 

5, 4 6, 4 6<0{^^*mt:, ^a^tt4 7, 4 7fc 

[0075] i<^t^, 01 Oiii.Xm\2i.ZiTi'ti.o 
SJ#S51fcma54 5, 4 5, 4 6, 4 60^^Ji 
i6f^SJffll#S4 4 $-J^EgtSflJ^:g|55 2 c7)4>/C>WiS c t 

tz\iL<r>^'mmdf^-^-fm}Li}-^h9\-uzm.x''^ 

^j:hiXhXo>,z-^j:'yX\^h<r)X\ i: 0illl(c:3d*3l5 1 



i:MI54 5, 4 5, 4 6, 4(><r>^^1fi9VixM,<^j:-^X 
( 0 0 7 6 ] =2rfc, ilf^©jffll^g4 4 ?rm-ri.«^Ca5 

[0077] *llte}^®c7)igf4iti^(^£^j6:a4 1 2:11 

^m\i'}-^-i^-H^<r>m^mmm<.zm^^ti\f. a 

«'f*t8t^>:Ji#tgfBJRili^3S-W«rt-5«g®*«^r<, H 

wmwmmmmmtLxmmx't . s^i^>y--K6 

0, -;g{c:*:$*«0i^»j3y#ifeB^Hl g5:«#fef8^L$ 
X'^\±.WtZhifiTth, 

[ 0 0 7 8 1 i/c, #ss^?i±<f 1 vf^>v^ 

tcJ: OiPa5ttiR#iS2 fc#<S^«{tta53 1 {^itSttflJI. 

y-hA'/i.T't^t^rO, ttz. y-Vf'i)v-f<nwm 

[00791 $ ^tc, ?l±tfXg^^fc(t-i.ft»J^e6» 
«<^Mf4^««cm tlS#i|^ft«5Mi: ^n^<,z^mh 

l^mi'ht, -ilcOXg4'(CjPf*:7tfc»i#^fBlRJrta53 

S:iBStt- s^^^g**^v^7t^6, ;<fxs^t^^^^sx'^>o, 

Ot*<^l.^i:*-'^v\ 

[00801 iIf-f^f*c«M{i«gPS:^«!JIf-f^fif 

[00811 ^^, u ^A'->-':*-^tcfflv^ix{f, 

mt^4 1 S:fflvi|.C: 1 1 J: 0 , a^S3d§#StlS« 

JSctiim-C^tf, ^^X. gS:^#*S 
^b^T'^liff S t 0 , ^(^mife^iOS! 

>''S"C{i^^^< i: i 2|IIT'*>o/cy- h^NVt.T'OlBWIlI 
iaS:ffi«s$-t*:, IBWcffpjiPl*l^«^j^S^<^)t5'en€:ffiji 

y*te^S:^*3^^b^T'?l±<f § ; 1 I. , 
[0082]$ ^tC, *3%H3{C^;bl.i|i««:S««!^ 

m^<m<r>wmi.z-)\> ^xmmh , ±a L^tii i <n 
mmmk. n-wrti,z\m-mi^ Lxmmh , 

[0083] 015fcJ:uqil6{c^^-fJ:dt;, 

0 , '?-<7)-«6 2 a i,z^\±^m^^ ^ 9 mm 
f>iimm6 2 b {zm^smiw^tifzmnme 2 
zmnm6 2izmihit^mmfmMt:^ 
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[oo84]3a^gi56 4ii, mm6 2t>(>miiiim 
mmm:^ixd^j:m!m^. mummer- 

I, v!fmmx^6 6\iVinm6 2izj[sLmi^nt: 
m&sifim^tinz+^^j:mi^Lx^^^. 

[00 86] tafot. 01 lUixmi 8{cS^-rJ:d 

me 5(7)Tm6 5 dizm-tb. ^^mi^mmm 

iziim^zj:*)mxm6im±ri:ff\^iz:fj 
m^. mu6 3t^U6 4m-^mta:. mm 
^mf^mmitM e i izx i¥m»mm<^^m 
m^ti. ^i^mtmM mm ii^iznTi-?>xd 

tc^-^Ti^^-l., 01 9l,zip-tXdl,zmiiiltzW&&Si: 
[0 0 87J ^fc, 02Ofc5rfJ:dt=. 3^1957 1 

li. p]mi^<7)-um^mmuzi><^izm(>i'. mm^ 

i^ti>i»(OT{>X<. i/v:, 021 (a)-(c) t 

s-f J: d fc, 2 imnmi 3 i!-h»mmi>z 

Tv^titf. m^e3<^mmmmmmm^x'h'o 

fc, 1^m7 2i:i^mJ}^^zi■tni. ^^12^^ 
Ltz^\,z[i. zffym^i 2<r>?i.^mk-tti\mm 
m^x'hh. 

[0 0 88] ^h\.z. 3a#a57i, i2^imwmb 

ntmnxmm-ui. wMimt^ui 1.72b 
timm-hzb{iziii>mm^m<:Lbisix%tmx'h 

[00891 :i^mm<^wimmm.t^m^e 1 m 

mM^^-=j-}i^<r)^m¥B<n^ir&<,zm\^fi\i. ± 
T&Ltzmmm<r>Mm-mm3^m9.bnmi.z. 

bt£^. -mz±^&.<r>iy 'J 3 >m^n I g ^ism^^B 

^l:^T'ai±(fl.::i:*''-c#l.. tfi. y-Vf'^)Vf<m 

mm\^mmtm3i)^mms:>iti^wfLx. mk 

'y')nymSX.tlimi^tih:Lbi>^j:<^j:^. m^l 

wwmimix^mzmm>i:mzb^j:<. ±xmm 



^^h:ibt^X'ti><DX'mifiX'hh. ^t>\.z. 

e4^jmmne2izm\ALxm^Uz<nx\ isrisas* 

m-hZb ifX'^h, ttz, j(d#a57 2 {:»9tmiZt 

tm. 2ti<^itLt:m^izii. z<7)^m2 
co^^^t^ z b x'^wmmm^i^M: 6 1 ^(*^ 
3<«i-rs ^ i: ^ < , Ttizmti z b i^x-mmxh 

6. $hiz. m^B3\±imimizi^mi<7)fziib(rM\: 

s^>yi-y^^md'mm?>^i>zii. sieflsio 

[00 9 1 ] iit, U^A'-j^':fr^tfflv^^i(f, Ji^L 

fzmtmmm.wmwmi^M: t u r? y* 

fea^Bl st:^m&AitmX'3\±lfhZbmmb^j:^. 

^mmm&cnsm^xhmnLiz'if^i-i. s<5,tc. 

[ 0 0 9 2 ] § /i>K. *IIIBt:«i>SSISft{cov^-cil 

[ 0 0 9 3 ] 02 2 fci:l^02 3 {I^-f J: a iz. *I6bB 

ttfli^bsa^i^s 1 a. rmzm^mms lab. 
mMizmiii^tifzmmmmsnzg^'^b. Bt 

^^ixtz-^n^8 2bi^L. mmm^^b^Wm 

[0094] mmm^m i ^mmmmu<r>i. 

U\izmt>1xt:z^'^S 3 1 ;cD«-&fL8 3 {cjgjiU. 

^coffi^7L8 3c7)a:gj;0i:^t^^iS@$r^rL, 
^f*jmf4SIM^:g^^ri6jtSffl-tl.«ii?L8 4 i: , i 

1^8 2*<ffi-^8 3 bmim\.zhh b t . mm, 

t^*LTv^S. c:co^SiM8 5{i^<*:ig^4«M(^Br 

»i«8 5*'c^§issni.t. mwrnrnm («») n 
[0095] ^wmmmmm^s i /^conxfttt 

{4. mmms 1 aSrTtLTt^ffii-caitefiS 1 S: 

HiifLS 4 ij^aSB 2 3 1:^^ 

[00 9 61 tS!oT. 02 2KS^tJ:dC. ^ftSi^ 

86Mc7))§aB#, iti««j;^^^McojtRi*ijiffL. mm 

1 A«N?f*JI«^M£0^J-SiM8 5 c7)TJgfc»-rS b . ^ 

mwmmyi. {-m) w4i«tJ:o«^?i8 3^jfc^ 

■fh-fi\«i^z-hti<m%. lS^7L8 3i:i»S?8 20^-^*i 

^hnr. s^fss 1 ^z]^h^mMmm(r>^ti-fm 
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(mm^^s la) {4saj-fs. 

[0097] *^5iSg«coaSfBS 1 ^ISt^jiJn^A— 

nym.mLmmtii>zkh^j:<^o. m^si z.<r> 

[0098] tfz. Uf-^-i^':^rjt(cffli^ix{f. Ji^L 

[ 0 0 9 9 ] ^13, 2ii. nmi^cD-^mm 
mmtfzh(Di,zm'^-f. mmut:^-t?>i^cox%ii\,\ 

( 0 1 0 0 ] . 02 5(c*-r J: p »tH«*^m 
j^gps 6 ^SiS LTHM^ft-S. t mz . SW«f*« 

»t, iO«I^a?8 70±*CT1tt:^-^«^88 

^ig(t. $^>ts f^^«^8 8lc^-ri.«^?L8 9?- 
i§(t , i<0^^?L8 9 tSJ#S8 6 J: d K 

bXhX^K 

[01011 mm86mmmzm^^ixx\,^fni. 

m'^iis9mmmmmm^mtcf>')Xh. ^-^ 

eirimixmmimi. mmizmmnzi,^ 
mztimxtmixiih. 

[0102] 

immm) mi ■. msizmxo^j:^^mmnmm 

f&A^fflUT, ®gl2 7mm. Ml 5k«. ;gS6 

oomm<o«M«i^U3yi^Ma^j§iits-fr. wmtit 
muz, 

[0 1 0 3 lism : mmiimmmmi 1 5 k g 

^xmm^itizttK'^tz. tfz. m^^-m^amm) 
mm^^^juz^k. ^mm^^x t>±:^rt±*5s 



matriz, ^m^mf^¥aco^mz^itfthzbi3^x't 

fz, 

[0104] ztiizMLx. "^^^mnmzx^^^n 
ijmm^mxu. i^m^SMmi^ 12kg tx-m 
mx^tzi}^. m'o<7ifi^3ks^iimm^^?>zbi!ii^x^ 
^£t^^fz. ttL. im.^i^mnmm^-tfzWt.. w& 
^BiMmhhmm^zm. smmmbLtz. 
mL2 -.mil izmi^ o-^j:^wwmm.^i^^m 

V^T. Egl 2 7mm. Ml 5 kg. ft$6 0 0mm 

[ 0 1 0 5 1 i^m : ±j&LtzmL 1 brnkcD^w^m 

tz, 

[01061 mts : mi 6iz7f:'rxo^j:^mmm 

^^M^m^'^X, il@14 0mm. 4*2 7kg. ^ 

mbmLti. 

[010711^*: mmmiimk^-m^Bm^: 27kg 
^xmi^^^hzbi^x^fz. tfz. im^^¥BM.m<o 

fzif). m^m^m^^M.b^^Bbi^-tii¥ 
mi:-ti'iz. 3mtmmsK7)^mzif^nti>zb¥x^ 

tz, 

[0 1081 zinznix. '7^^m^mizxi^ 

imr>mimx'ii. mm^^BWM?:ify2 skstxi^ 
mx^rz¥. m<om2ksmmm^ithzbi!)K'^ 

B^B^KWt^^cOf^CJ^jl. 5m^^-mbLtz. 
mA : 02 3{c^-rJ: a^rS^B^B^fflvv Wki^'J^ 

ym^B^wmma^\-i^ij^\.zxmm^^x. m 

[ 0 1 0 9 ] : m^^m^Bwrn^^x^s^bw^ikb 
<n>mxmi}<mx'^£<. mm\<zit^xmo^!m 

[0 110] 

iw!^<m^] :^^f,zmh^m\/ifimm^^m 
i^/mm(>mzziim\ ^tzmmmmm^zi, 
tin. ^i*:mm<r>mk^. ^mmf^^mmn^ 

mm±.wi,zm'th-^^9iv^^j^i>^<^j:h-r. s 

^>fc. mtrnMrn^^iizmtQ^tmrnrnm 

m^aiv^ b sjsb^b^ t>ut,zz.ixm\>^i^^mh<mk 

■mirnkthzbti^xth. 

[0111] ipip. m^mmmhtifz^mmzi. 

n^mm-h^w.m<r)m^mm^WL<^mmzm 
0. ^wmmm^mmmLx. ^wmrnrni:^ 

m^xbs=mmwx^^^-i^ii^com¥B<r>m&-m 
{zm\^ti\i. w^i^-m^Wcbmmmimmx^^cr) 
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[0 112] ;?<ot. ?l±{fIStcfc{t&g^)JiO/|N«Ue 
<mi^^\'^tzib. ;>y;^aMt^i®T'*>'3. 1III«0?I± 

[0 1131 y^-^—i^'^rjttwfflv^njf, mm^ 
^[mtM<o^m(otz)btz^ mMm^<miAii i ni-c 

i: 1 2III-CS)ofcy-hA;i.yc7)^HI5lia2:ffiM$-ti-, 

[ 0 1 1 4 ] ^f.:, ^^mmnmizmmmmm 
tiX 0 iz^m-tm.m^iiiTmm^tix\>^t<r> 

[ 0 11 5 ] immi-mzmt^m^^ti. as 

mzm^mLnnt^ixrz-i.^mi:. ^co^m^nn 
m^zmhtd-zmm^zmmmizMmfz<nx\ * 
mmmiWk\,zm'c%i,tMz. fL^mmTi. 
mt^zi: 0 um^zmwmmmm^n^ z t 

ifiX'^h. 

[0 1 1 61 i^c. mmtmLtz^nw<r)m^im 
mmh-ntizm Lxm^-th ± o nzm^ Lmmrc 
'mm{zMmfz<r)x:. 'mmm.nzmT^mt^^ 

[ 0 1 1 7 ] tJt , mmm^wm<^mmzwi\i 

t>tif^^m^z^^-th ^ 1 1 J: 0 , ^mmx'^ 
i}-->wmzmw^Mwmi:^m'W.mmmi^xt^x'^ 



[ 0 1 1 8 1 n^i, mmmmi^m<7)&m.x <o t, 
m< ^i^mm<^±mzmmi:mwi Lxw&ttit:m 

Tmxux'm^^tix^^?>cr)x\ ^mmmmm 
'M'^T^izmmmmim', mm^^^zttK' 

[0 119] ttz. mrmxmmmtmmmtfzii 

1012 0] tti. mmm^mi^mmtzmt,ti 

fzw^^^izmk^nmm^mi^^Bttziim^B 
x'h*). ^mco&M.xom<W7ittifzmx 
mizm^ivc\^tff)x\ ^mm^mcomMm'^x' 
mmiz^mmmim. mt^-^iztt^x-^. § 
i^iz^ti^mx'$>?>(r>x\ T^mmuiKth-r, m&it 

10121} tfz. ^cm^mm^tiimmi. mm 

mm<!m±thXo^j:*&mzm&^ti. m$m 
mii^mmmm<o±mzmmmmLxmifhtLfz 
mx^x-mm^ti. mmmmmmmizmtti 

x\.^h(r>x\ ■simsi'itm<mm^f^m'^mmts:^ 
w.mmm.nihm^mhztifix-^t. ? * 
^m±if^imzi^$m^fzib(r>ims. 'v^yyi 

<, ^wmmm^ms.im^n^zii^aiyi'y'fr^ix 

[012 2\tfz. ^¥tminmmi:^LX\.^i,<r>T. 

^■^<mmmmmmts:i>mkx'h'^xh. ^^ut 
[01231*^. %mAmmmx^m,^tix\^h 

<r>x. m^Ut^mcoi^^<9\-iiM<. miizimi¥ 

[ 0 1 2 4 1 1^, ^mimm&mmm'f>^m 

^ilX\.^^coX\ ^Uij^^itUzm-^lzti. ZCT)^ 

U(r)^i:?&m-t& z t x'^mnm^^M^w^^ 
mi-?>zt^j:<. mzmtizti^x'^mmmx'h^. 
[ 0 1 2 5 1 ii^:, ^mmmmimnmi}^(>^ 

mco^i^i-hztx'^^mmm^i&M^m 
mttizb^j:<. TciztsLt^ztmrnrnmh 

10 126] tfz. mmm^i^mm^zmfi^iifz 
mmziRmti, ^mmmmmizmm^-*txm¥B 
m^^itismmmt. z<7)mmmc^±-^ 

t:Mmh(ox\ mmmai-^-^imtfziiOi-^- 
'J■mmm&ff)mm^zm^^tni. m/i^y^^izm 

tt^xth, ^biz. ^'xmmi>T-iiimx'hO. imn 
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[0127]^^. i^*joym^B<7)^^mmm^i 

10 12 9] tt:. ^mufmtxmmmi^tix 
i^iff)x\ m.^commmizi,mizM!ibX'mmx' 

[0 13 0] tfz, ±miz3\Bfm'p^^miH'r(>ix 

mmm^b ^^-r^^mmnmmmizx o 

ffitiMz. mtfzum&im^mm-tmti^^j: 
<. mmmimi:mawmbtxmix-^x. 

±if?>Zbi)<X'^^, tfz. #tga?i±(f^asry-h 
'J 3 ylift?S*«?5Sl5tiS C b i^:< =5: 0 , 

mmmmii^b wmmwi^b ^ m>.z^-fh 

m^mizm-zb^£<. ^xmm^'^izbtiH't 

to 1 3 23 ui'^-'J:fT^i,zm\<^titi. w.m^ 

s.trm^.^izbizxK), w^^Bi^&bmmmim 
^mmco^ffytzi^iz. mm^Brnd^cnrnmnmx' 
m. vi-ox. =^^j^ym^^co^mt&^mx'3Wf 
^zbi^mb^j:*). mi¥m^Bmm::ixhi&mit 



[011 2f:%BJtffii5«.^f**ifefi<Ot{ii:^&0-|| 

(D^mm, ( b ) « ( a ) - c '^fflMia. 
[03 3 :^mmhi^mmMmmi^M:<7)-mm 

[05 3 *IIWK«i5*^f*Mf4«dmj&AO-^ 

[07 3 ( a ) ~ ( f ) ii^^:^mmh?,^m 
:mizm\'^tz--mimm<r>mxmm. 

[08 3 ( a ) - ( e ) {i#«*f6BHfc:«i>S^f<5* 

[09 3 ^mmhi^mnm^i^Mm<r)m 

[010 3 *%BB{cf^i5S^^I<sSf4«^?&M£7)fl!»iO 

[0113 ^m^zmh?>^^i^wmm^i^Mm<r> 

[01 2 3 *JMBt«t)?.^f^«cMi^«Ba§?&ft<Ofl!j<D 

[013 3 ^mmh^^mmm.mMff)m(o 

[014 3 *l|BBt«i?S^*lI««Ba#^6m<Ofl!!iO 

[01 5 3 *l6Bflt^*.S^«tmf4«3a§?6A<Ofl!!<^ 
lltll^?S(^iEB0. 

[016 3 :^mizmhimmmmmi&Mmco 

( b ) <l-?-iO«ffi0. 

[01 7 3 :^mmh&mwmm^mM:m(o 

[0183 *^HSC^i?&^*IS^8tSJ#r&M<Ofl!5co 
[019 3 :*:^Hfl{C«i?l.^*iSf4«^?6ftiOfl!S<0 

[02 0 3 :^wMmh:^mi^mAm^mm(7) 
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[02 1] ( a ) - ( c ) li^^fmmhhmmn 

[02 2] :^wMizghh?>^m»mmm^ih^m<o 
mmmmmm. 

[02 3] :^mizmi^mHimm^^M:<^m(7) 
mm. 

[112 5 ] ( a ) ~ ( f ) ii^^mkff)mmai-^- 

i^iT^comikcomtmcommMm. 

[02 6] (a) ~ (e) (i#^ta^'J^l'-v:fr^ 

4 t-ff 

5 IIIS;i^7d? 
6 

7 *Fft 

8 /k-y^^HteW 

10 

11 mm 

lla -« 
lib « 

12 m# 

13 mf^mmm 

14 ;i;i5 

15 ijfSW 

16 mWHi 

17 «0 

18 m 

19 ]fei$aj« 
2 0 lagifm 
21 

2 2 m&'F 

2 3 mm 



s siis 

4 1 ^mnm^i^M 

4 2 liX#S« 
4 2a -Sg 

4 2b fffiffi 
4 3 

4 4 mmim^m 
45 m 

47 

4 8 I1I3EW 
49 SO 

5 0 m^m 

5 1 

5 2 

61 ^«sMf4«KJ$f&a 

6 2 ]R#a5« 
6 2a -m 

6 2b ffiffl 
6 3 ^^35 
64 iJ^gS 
6 5 IM^«I«#S 
6 5d TSas 



66 
71 
72 
81 
82 
83 
84 
85 
86 
87 
88 
89 
SI 
Sla 



mas 



[09] 



117] 



118] 



[020] 




48 • SI 
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